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Analytics

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

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

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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NEW TRENDS IN THE IDENTIFICATION OF
THE TRADITIONALFOOD PRODUCTS OF KAZAKHSTAN

Abstract. Requirements for the traditional food producers and their relationship with regional brands or
products with geographical indications (GI) are discussed.The development of the so-called regional or territorial
brands that promote products produced in a given region meets consumer demand in the terms of traceability of the
provenance of the good. Moreover, there is an emerging potential demand for the traditional food products that have
a stronger link with the area of production and the traditional method of production, as it happens, for example, for
the European Union GIs.The GIs food labels guarantee consumers the origin and the method of production. The
potential of Kazakhstan's organic dairy products have opportunities for the identificationofa significant value of the
healthy nutrition and meet requirements of quality labels for agricultural products and foodstuffs: Protected
Designation of Origin (PDO), Protected Geographical Indication (PGI) and Traditional Specialty Guaranteed (TSG).
For instance, TSGs system of protection co-exists with individual EU member countries systems of recognition, two
Italian TSGs are protected under the EU TSG system, while around 5,000 food products/recipes are recorded in the
Italian ‘prodotti alimentary tradizionali’ list. In the presented review, the branded dairy foods that produced in
Kazakhstan are described, such as: “made in Kazakhstan”, “irimshik”, “shubat”, “koumiss”, “saumal”et al. These
new trends allow to promote and to support the agricultural products. Organic food and beverages with a
geographical indication will positively improve food industry, social and environmental consequences.

Keywords: dairyproducts,organic products, geographical indication, regional brand, PDO, PGI, TSGindicators.

INTRODUCTION

Recently, an increased consumer’s demand for differentiated food is emerging, which is mainly
focused on different value adding food attributes: healthiness, organic farming and processing method of
production and/or traditional local links. These — above the mandatory safety and hygiene- attributes are
value adding characteristics which can create value in the supply chain when properly signaled to the final
consumers, through public labels and/or private brands - who are willing to pay a price premium for them
[13].

In Kazakhstan have been recently introduced a policy framework,which aims to address this emerging
demand providing a legal context to avoid unfair competition among producers and to provide clear
information to final consumer through certification systems. At present time framework covers products
from organic farming and the “made in Kazakhstan” labelling system assuring the provenance of the
produce.

The increasing trend in organic food consumption is observed all over the world, including
Kazakhstan, where producers are adapting their supply to satisfy the growing demand in the domestic
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market [12]. Bothlarge-scale companies and small private farms are engaged in the production of organic
products, which are sold through restaurants, cafes, supermarkets and specialized shops.

In 2015, the Kazakhstan Government adopted the Law "On the production of organic products." This
Law regulates the relations between producers of organic products, and the other agents operating along
the supply chain. According to the international organic farming standards: synthetic substances,
pesticides, hormones, antibiotics, food additives, and genetically modified organisms (GMO) are
forbidden: The production, processing,and marketing rules have been defined by the Order of the Minister
of Agriculture of the Republic of Kazakhstan dated May 23, 2016 No. 230, registered in the Ministry of
Justice of the Republic of Kazakhstan on July 4, 2016 No. 13875.The compliance with the defined organic
methods of production standards is under public Authorities control by means of inspections and
preventive control in accordance with the Entrepreneurship Code of the Republic of Kazakhstan. Only
having obtained a conformity certification, food islabelled with the national public label of certified
organic products [20].

The demand for food having beneficial effects on human health is also increasing in Kazakhstan. For
example, in 2010 the first dairy factory of the Kazakh Academy of Nutrition "Amiran" was founded,
aiming at producing "healthy and functional food products" [22].

The same organization manages the label "product.kz" ("Made in Kazakhstan"): it characterizes
goods produced in the Republic of Kazakhstan, aiming at increasing public confidence in domestic goods
[14, 15].

Given thatfood tourism is growing in Kazakhstan, which is strictly related to the consumption of
products with a strong link with the visited geographical area. Local products are also often demanded by
consumers far from the production areas (e.g. in bistro restaurants supplying traditional food [10].

The development of the so-called regional or territorial brands, which promotes products produced in
a given regionmeets consumer demand in the terms of traceability of the provenance of the good.
Moreover, there is an emerging potential demand for traditional foodproductswhich have a stronger link
with the area of production and the traditional method of production, as it happens, for example,forthe
European Union Geographical Indications (GIs) [5, 6].

Based on a long dating system of protection of food GIs in the Mediterranean European countries —
particularly in Italy, France and Spain - the European Union (EU) food quality policy, has established a
European public system of protection an labelling for agricultural products and foodstuffs GI (protected
denomination of origin, PDO, and protected geographical indications, PGI) and traditional food products
(TSG), since 1992 [7].

Overall, GIs represent an important element of culture, identity, and heritage and are characterized by
both historical and geographical dimensions. The increasing attention shown in the past 25 years by
academics, politicians, and food system agents, and their recognition through geographical indications,
stems from their implications on economic, legal, political and social grounds [11].

The GIs food labels guarantee consumers about the origin and the method of production. Target
analyses and analytical procedures, together with the chemometric tools can be used to discriminate foods
from different areas and/or production methods [4].

Along with the geographical indication, the concepts of PDO, PGI and TSG used in Europe also
presuppose the consideration and legal protection of methods of production, recipes, and traditions.
Consequently, some work is needed to register and protect the names of places of origin of goods and
strengthen legislation to protect intellectual property and collective trademarks [8,19].

Another direction that requires a significant attention is national brands. As examples, the brands
“made in Kazakhstan”, “irimshik”, “shubat”, “koumiss”, “saumal”et al are available. The work purpose is
a review of the food products that traditionally available on the territory of Kazakhstan with a
geographical indications. In each region, it can be discovered a few similar products that will be as the
drivers for the development of ecotourism and rural areas.

MATERIALS AND METHODS

This review article is based on the study of the European scheme of GIs — PDOs and PGls - and TSG,
for instance in Italy, the analysis of information on the development of brands with the name of the place
of production of goods, the experience of world markets in the production and promotion of food products
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with GI, brand products with GI and the importance of this work for Kazakhstan, not only for the local
food industry, but for the social sphere as a whole.

RESULTS AND DISCUSSION

1. The geographical indications for the terroir characteristics of the food products.

The rationale of the EU Gls system of recognition and protection is the concept of terroir, i.e. the link
between the characteristics of both the traditional area of production and the historically-linked method of
production (the so-called human factors well rooted in the culture of the traditional area of production) and
the food quality attributes. Accordingly, and in line with the 2015 revision of the Lisbon Treaty on Gls,
two different GI types are defined: the Protected Designation of Origin (PDO), and the Protected
Geographical indications (PGI). PDOs have a stronger link with the terroir than the PGlIs: i) for PDOs
terroir characterize all food quality attributes and, consequently, all the production stages (farming,
processing, packaging) take place in the traditional area of production, while ii) for PGls the link is
weaker and has to be proved for at least one quality attribute or food product’s reputation; in this case,
only one stage of the production has to take place in the traditional area.

The main characteristics of the EU Gls system are the followings:

1) the present time Regulation (EC Regulation 1151/2012) emphasizes the relevant role that GIs can
play in the creation of value in their specific supply chains and as a rural development tool, while in the
past the intellectual property right administrative protection from frauds and from imitation of the
protected name prevailed,

ii) the system of legal protection is a sui generis system, which is public, protects the GI for an
unlimited time span, assures that the protected name will name become a generic name and strongly
protects consumers -at least in the EU market- from misleading information (e.g. GI name translation and
use of ‘type’, ‘like’ are not allowed);

iii) aiming at increasing the consumer awareness of the over than 1,350 PDOs and PGIs registered in
the DOOR database, the use of the EU PDO or PGI label is mandatory for all PDOs and PGls since 2016;

iv) the GI supply is based on a certification system, under public authority supervision which controls
that the method of production both takes place in-the traditional area and complies with the defined
historically-linked code of practice.

In the WTO international context, the food GI definition is similar to the EU PGI one (TRIPS
agreement art. 22.1), but the issue of the international protection of the GI food products is not yet fully
accommodated, several conflicts arising. In brief, the level of protection varies among different products’
category (it is generally higher for wines and spirits than for food products) and ii) and, among countries.
While some non-EU countries adopt a sui generis system, others protect their GIs under trademark legal
systems. However, the increasing number of bilateral agreements on mutual recognition and protection of
Gls - which have been signed or are under negotiation - between the EU and a non-EU country and, since
2006, the European Union opening to non-EU GIs of the EU register of GIs (DOOR database), show the
possible coexistence of both systems in the international context and the potential market opportunities in
terms of international trade. For example, Italian food Gls overall turnover reached 6,4 billion euros in
2016 (around 5% of the food industry value of production) and 3.1 billion where exported both to other
EU counties and to non-EU ones.

While the PDO and PGI system for geographical indications recognition and protection is exclusively
managed at the EU level, traditional food products, having lost their link with a given area of production
but maintaining their link with the traditional method of production, are protected by the Traditional
Specialty Guaranteed (TSG) system. It has to be pointed out that TSGs are not Gls, and the property right
to use the protected name is assured to all the producers who comply with the code of practice,
independently from the place of production. TSGs system of protection co-exists with individual EU
member countries systems of recognition (for example, two Italian TSGs are protected under the EU TSG
system, while around 5,000 food products/recipes are recorded in the Italian ‘prodotti alimentary
tradizionali’ list [3].

2. Branded food products of Kazakhstan

Priority commodity positions in Kazakhstan for the assignment of labels in accordance with the
European scheme as products of PDO, PGI, are:Shymkent beer, Saryagash water, sublimed powder
koumiss Saumal, Rakhat chocolate, national sour-milk products - koumiss and shubat.

— § —
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Regional products are a cultural tradition, technologies that have been developed for centuries, pride
and motivation. An important role in promoting such products, both on the domestic and foreign markets,
can be played by a geographical indication.

Products of “Eurasia Invest LTD” LLP - dry mare milk "Saumal" - received a declaration of
compliance with the requirements of the Eurasian Customs Union for Security. The international
document gives the right to sell the product both on the territory of the Eurasian Economic Union
(EAEU), and export to abroad countries [21].

As a result of freeze-drying of mare's and camel’s milk, powder remains, which when re-diluted with
water retain practically all the beneficial properties of milk[16, 17].

The composition of any kind of milk includes two groups of proteins - whey and caseins. The casein
group is quite problematic for the children's stomach, since it does not dissolve in water. When digested,
this casein forms a clot, which is difficult and not always qualitatively absorbed by the body. Hence,
disorders of the gastrointestinal tract and allergic reactions.But whey proteins are easily absorbed. In milk,
there are two types - albumin and globulin. The first contains a valuable irreplaceable amino acid
tryptophan, which is not found in any other protein. The second is the carrier of immune bodies.
Immunoglobulins have the ability to "glue" foreign proteins and cells of microorganisms, thus providing
antibacterial protection to newborns [18].

In this regard, the dietary supplements powder of carrot and holy thistle(Si/ybum) can be used as the
fortification sources of antioxidants, flavonoids and various vitamins [2].

Of course, caseins are also needed for the human body; it's all about their quantity. If the ratio of
caseins and albumins in cow's milk is 80 to 20%, then in female milk it is 72%. In mare, the balance is
ideal - 50 to 50%. As a result, saumal is easily digested by the stomach, without causing allergic reactions.
It is recommended to use milk powder, dissolved in water, obtained from sources located in the resort area
of Saryagash. It is possible to talk about the beneficial effect of two natural resources of Kazakhstan - the
natural water of Saryagash and Saumal - on each other. Even at the first tasting, patients positively
assessed the taste of the drink, its beneficial tonic effect on the body.

Interest in mare milk in the world has been growing in recent decades, and therefore this product
"Saumal" is promising, and significantly expanding the sales market, it can be attributed to products with a
geographical indication, as well as water Saryagash.

As for national fermented dairy products such as koumiss and shubat, it is difficult or even wrong to
say today that the potential of goods with the name of the place of production is realized. Much more
serious work is needed on the domestic and foreign markets, it is necessary to acquaint the foreign
consumer with these goods, ensure compliance with the declared quality standards and ensure the
protection of intellectual property [1].

For the assessment to the European criteria for GIsthe work to be done in this direction consists of the
following steps, after having identified the institutional context:

1. Development of standards and regulations

- Define the historically-linked method of production

- Implementation and management of the internal control system

- Conlflict resolution and arbitration

- Identification of the tradition-based production area

2. Ensure production

- Technical support of production processes

- Training of manufacturers and further training

- Introduction of innovations in the production process

3. Marketing support

- Development and implementation of collective marketing campaigns

- Ensuring a balance of marginality along the value chain

- Development, promotion and updating

- Market analysis, sales optimization

- Support for individual marketing campaigns of manufacturers

4. Protection of interests

- Counteraction to counterfeit goods
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- Ensuring that all positions are taken into account when managing the production of the product,
ensuring high confidence between participants [9].

CONCLUSION

This review highlights the social success of branded eco-products that with certain marketing support
and legal protection can be assigned the signs of PDO, PGI, TSG.

In the above mentionedKazakhstan brand eco-products some attributes inherent in GI products are
traced: typicality and uniqueness connected with the territory; reputation among consumers, mainly in the
export markets in developed countries, but they are not guaranteed by legal processes.

This is a new direction for Kazakhstan to promote and support agricultural products, organic food and
beverages with a geographical indication will positively increase food industry, social and environmental
consequences.Thus, further work is needed to identify thebranded organic products with high commercial
potential and support for the ecotourism.
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KA3AKCTAHHBIH JOCTYPJII A3BIK-TYJIIK OHIMJIEP/II
COVWKECTEH/IPY JKAHA TEH/IEHIIASIJIAPBI

AnHotanusi. JIocTypini  a3bIK-TYJIK OHAIpYIIIepiHe KOMBUIATHIH TallalTap MEH OJaplblH aiMaKThIK
OpenarepMeH Hemece reorpadusiiblK kepcetkimrepre ue (GI) eHiMaepMeH e3apa KapbIM-KaThIHACHI TaJKbLIaHA b
PerroHanmpIK jkoHE TEPPUTOPHAINBIK JET aTalaThlH, OCHI aliMakKTa OHIIPUIreH OHIMII UIrepiIeTeTiH OpeHATepIiH
JlaMybl Tayapiapjbl Kajarajiay TYPFbICBIHAH TYTHIHYIIBUIBIK CYPaHBICTBI KaHaraTTaHAblpajbsl. COHBIMEH KaTap,
JIOCTYPJI a3bIK-TYJIIKKE JKaHa MOTEHLMAaJIbl CypaHbIc naiaa G6osanbl, Mbicaibl, GI Eyponansik Onak yuriH Gouisin
JKaTKaHIAM, eHIIpic JKoHEe IocTypil eHpaipicieH Oepik Oaiimanpicka wue. GIs eHiMaepiHiH 3arTaHOamapsl
TYTBIHYIIBUIAPFA IIBIFY TETi MEH OHIIPICTIK 9icTi KaMTaMachI3 eteai. KasakcTaHbpIK OpraHuKalIbIK CYT OHIMIEPIHIH
MOTEHLMAJIBI cajlayaTThl TaMaKTaHy IbIH MaHBI3Ibl KYHBIH aHBIKTAY JKOHE aybll IIapyalllbUIbIFbl OHIMIEpl MEH a3bIK-
TYJIK YIIH camanbl 3TUKETKajap TajanTtapblHa cail MYMKIHZIIri Oap: mbiy TeriHiH Kopraimran Oenrici (PDO),
reorpadusuislk kepcetkim (PGI) xone noctypmi apraiisl keminnik (TSG) xopranran. Meicansl, Kopray xkyieci TSG
xeke EO mynre Mmeminiekerrepain Tany xyienepin, EO TSG sxyiieci men «prodotti alimal tradizionali» nranbstHIBIK
TiziMiHzge kazpurraH mamamen 5000 rtarampmap / peuent OoWbIHIIA KOpraiFaH €Ki HTanbsHIBIK TSG Oap.
Kepcerinren monyna «Ka3akcranna jkacaiuraH», «ipiMIIK», «OiydaT», «KbIMBI3», «caymain,T.0. Kazakcranma
HIBIFapbUIaTBIH (PUPMaNBIK CYT eHiMepicunartanraH. byn skaHa a3ipiemenep aybll IIApyalIbUIBIFBl ©HIMAEPIH
IrepisieTy JKoHe KojjgayFa MYMKIiHIIK Oepeni. ['eorpaduiblk HycKaynapbl 0ap OpraHMKaNBIK a3bIK-TYJIIKTEp MEH
CYCBIH/Iap TaraM ©@HEPKACiOiH, 9JIEyMETTIK KoHE SKOJOTHSUIIBIK CalIIapbIHA OH SCEp €T OTHIPHII KAKCAPTa bl

Tyiiinai ce3nep: cyT eHimzepi, OpraHUKAJIBIK OHIMAEP, reorpadusuIbK KOpCeTKIlTep, aiiMakThIK OpeHxaTep,
PDO, PGI, TSG unaukatopiapsl.
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'Kadenpa «[Tumesas Umxenepus», FOxuo-Kazaxcranckuii [ocy1apcTBeHHBINH YHUBEpCUTET
nmern M.Ayna30Ba, Kazaxcras, r. IIIsIMKeHT;
2d)al<ym>TeT Arponomun, [IpoaykroB nuranus, Ilpupoassix pecypcoB, JKuBoTHBIX
u Oxpyxatouieit cpens! - DAFNAE, Yuusepcuter Ilanyu, Uranus, Jlernapo;
*TIpopekTop 10 Hayke 1 MeKIyHapoIHbIM cBsi3siM, FOsxHo-Kasaxcranckuii [leqarormueckuii Y HUBEpCHTET,
Kazaxcran, r.11IsiMmkeHT

HOBBIE TEHJEHIUY B MAEHTHOUKALMH TPAIMLUOHHON
MULEBOI MPOAYKIAU KABAXCTAHA

Annoranus. O6cyxaaroTcs TpeOOBaHUS K TPAIUIIHMOHHBIM MTPON3BOIUTEINSM IPOTYKTOB MTUTAHUS U MX CBS3b C
pEeTHOHANTBHBIMH OpeHIaMH WiIH MPOAYKTaMH ¢ reorpaduyeckumu nokaszaremsivu (GI). PasBurue Tak HazbIBaeMbIX
PETHOHAJIBHBIX MM TEPPUTOPUAIBLHBIX OPEHIOB, KOTOPHIC MPOJABUIAIOT MPOAYKIHIO, MPOU3BEACHHYIO B JAHHOM
peTnoHe, yAOBIETBOPSET NOTPEOUTEIHCKHIH CIIPOC B TEPMHUHAX IIPOCICKUBAEMOCTH MIPOUCXOKACHUS ToBapa. Kpome
TOTO, IOABJIACTCA HOBBIN HOTeHLIl/IaJ'le]:Jﬁ CIIPOC Ha TPAAMUIHUOHHBIC MUILNEBLIC NPOAYKTbI, KOTOPbIC UMECIOT 60.]'166
IMPOYHYIO CBA3b C MPOMU3BOJACTBOM U TPpaAUIITMOHHBIM CHOCO6OM MMPOU3BOACTBA, KaK 3TO MPOUCXOAUT, HAIPUMED, IJId
GI Espomeiickoro Coroza. Dtukerkn npoaykroB GIs rapaHTUpyrOT HOTpeOUTENSIM HMPOMCXOXKAECHHE U Croco0
mpou3BojacTBa. [lOTEHIMAI OpPraHWYECKAX MOJOYHBIX NPOAYKTOB Ka3zaxcTaHa wuMeeT BO3MOXKHOCTH IS
OTIpe/ICIICHUS 3HAYUMOM IIEHHOCTH 3I0OPOBOTO IUTAHUS M yIOBICTBOPCHUS TPEOOBAHUN K STHKETKAM KadecTBa JUIs
CEJIbCKOXO3SHUCTBEHHONW MPOAYKIMH M TMPOMYKTOB IMTAHWS: 3allUIIeHHOe oOo3HaueHme mpoucxoxaeHus (PDO),
oxpansiemas reorpadudeckas wHmukamus (PGI) u tpammmmonHas crenmansHas rapantus (TSG). Hampumep,
cucreMa 3amuThl TSG cymecTByeT ¢ cuCTeMaMH paclio3HaBaHUS OTICNBHBIX cTpaH-wieHOB EC, nBa HTaNbIHCKAX
TSG 3ammmensr B pamkax cuctemsl TSG EC, a oxomo 5000 muImeBbIX MPOAYKTOB / PELENTOB 3alMCAHBI B
UTAIbIHCKOM crucke «prodottialimaltradizionali». B mpemcraBienHoM 0030pe omucaHbl (UPMEHHBIC MOJOYHBIC
MPOAYKTHI, Ipou3BoANMEIe B Ka3axcTaHe, Takue Kak: «cuenaHo B KazaxcTaHey», «MPUMIIHUK», «IIy0aT», «KyMBICY,
«caymam®» v ap. OTH HOBLIE TCHACHUONU II03BOJIAIOT IMPOJABUIaTb W IOAACPKUBATH CeﬂbCKOXO?;HﬁCTBeHHyIO
npoxykuuto. OpraHu4yeckue MpPOAYKTHI IUTAaHUS U HAIUTKU C reorpaMueckuM yKa3aHHEeM OYAYT IOJIOKHTEIBHO
yiaydmaTh MAIEBYI0 MPOMBINUICHHOCTD, CONUAIBHBIC Y 9KOJIOTHYCCKUE MTOCIICACTBUA.

KiarodeBble cJIoBa: MOJIOYHBIC TMPOAYKTHL, OPraHMYECKUE MPOAYKTHI, TeorpadUuecKue IOKa3aTelu,
peruonanbhbie Openabl, PDO, PGI, TSG moka3zaremnm.
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STUDY OF HYDRO PURIFICATION
ANDHYDROIZOMERIZATIONSTRAIGHT-RUN GASOLINE
FRACTION OVER MODIFIED Ni (Co)-Mo- AL,O;- CATALYSTS

Abstract. The article presents the results of studies of hydropurificationand hydroisomerization of a straight-run
gasoline fraction on new zeolite-containing alumonickel (cobalt) molybdenum catalysts modified with phosphorus
and (rare earth element) REE: CoO-Mo00O;-Ce;05-P,05-Al,05-ZSM (KGO-18) and NiO-Mo00j;.Ce,05-P,05-Al,05-
ZSM (KGO-3). The effect of temperature, pressure and the volume flow rate of the feedstock was studied.
Investigation of the processes of hydroprocessing of straight-run gasoline was carried out in a high-pressure flow
systenll with a stationary catalyst bed at temperatures of 320-400°C, a pressure of 3.0 -4.0 MPa and a feed rate of 0.5-
3.0hr".

At hydroprocessing of straight-run gasoline with high hydrodesulfurizing activity the catalyst KGO-18
possesses. The sulfur content of the catalyst decreased from 0.0080 (reference gasoline) to 0.0015% with an increase
in temperature to 400°C. After hydroprocessing the straight-run gasoline fraction on the KGO-3 catalyst at 400°C,
the octane number of the hydro-upgraded gasoline rises from 79.0 (reference gasoline) to 92.4 research method (RM)
and from 62.4 to 77.0 motor method (MM). Under these conditions, the octane number of hydrotreated gasoline on
the catalyst KGO-18 is increased in comparison with the initial from 78.9 to 90.7 (RM) and by the motor method
from 60.9 to 71.7.

Electron microscopic studies have shown that the modified Ni (Co)-Mo-Al,O; catalysts are highly disperse, the
metal components of the active phase are predominantly in the oxidized state, forming cluster-associates on the
surface whose dispersion and structure and state are determined by the nature of the catalyst components.

Key words: zeolite, straight run gasoline, catalyst, hydrotreatment.

Introduction

In the oil refining industry, hydropurification and hydroisomerization processes are widely used to
produce high-quality motor fuels, which are one of the main processes widely used in the oil refining
industry.

In connection with the deepening of the processing of high-sulfur oil, there is a growing need to
improve the existing catalysts for the hydrotreating of oil fractions. In accordance with modern
requirements, a significant limitation of the sulfur, benzene, aromatic and olefinic hydrocarbons in motor
fuels is necessary. The known industrial catalysts do not provide the required degree of hydrotreating. In
many countries, catalysts are being searched for increasing the depth of removal of sulfur-containing
compounds and improving the technology for the production of motor fuels.

The problem of choosing the most effective catalyst is complex and requires in each case an
individual approach. Recently, specific catalytic systems for the hydroprocessing of a specific type of raw
material have been purposefully developed [1-19].

In this paper, the results of hydropurification and hydroisomerization studies of a straight-run gasoline
fraction on new zeolite-containing alumonickel (cobalt) molybdenum catalysts modified with phosphorus
and REE: COO-MOO3-C6203-P205-A1203-ZSM (KGO-18) and NiO-M003-CeZO3- P205-A1203-ZSM
(KGO-3).
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Experimental part

New modified zeolite-containing catalysts of CGO were developed. The catalysts were prepared by
impregnating a mixture of aluminum hydroxide and zeolite ZSM with aqueous solutions of nickel (cobalt)
nitrate, ammonium paramolybdate and the introduction of modifying additives. After molding, the catalyst
was dried at 150°C and calcined at 550°C for 5 hours.

New zeolite-containing modified catalysts were synthesized for the process of hydrotreating gasoline
fractions of 0il:CoO-Mo0O;- Ce;0;-P,05-Al,03-ZSM (KGO-18);NiO-MoOs- Ce,03-P,05 - Al,05-ZSM
(KGO-3).

Investigation of the processes of hydroprocessing straight-run gasoline in a high-pressure flow system
with a stationary catalyst bed at temperatures of 320-400°C, a pressure of 3.0-4.0 MPa and a volumetric
feed rate of 2hr'. The hydrocarbon composition of the reaction products was analyzed on chromatographs
"Chromatec-Crystal" and "Chromium-5". Analysis of sulfur content in feedstock and products was carried
out in «Oilsert International» LLP (Almaty).

To study the structure and state of the catalyst surface, the electron microscopy method was used [20,
21].

Results and discussion

When hydrolyzing the gasoline fraction on the catalyst KGO-3 at 320°C at V = 2.0hr and P =
4.0MPa, the content of isoalkanes increases from 40.3% (initial fraction) to 44.0%, with an increase in
temperature to 400°C, their amount slightly reduced to 37.5% (Table 1). Under these conditions, the
proportion of aromatic hydrocarbons in the resulting catalyst varies from 14.7 to 29.4%. The content of
naphthenic hydrocarbons in the catalyst is 19.4-22.5%, olefinic hydrocarbons - 4.2 - 6.1%. The yield of
the liquid phase with increasing temperature from 320 to 400°C decreases from 80.0 to 75.0%.The octane
number of hydrotreated gasoline in these conditions rises from 79.0 (reference gasoline) to 92.4 (RM) and
from 60.9 to 77.0 (MM). After processing the gasoline fraction with an initial sulfur content of 0.0080%
on the catalyst KGO -3, the mass fraction of sulfur in the catalyst decreased to 0.0039% with an increase
in temperature to 400 ° C.

Table 1 - Effect of temperature on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3

T°C
Products,%

Initialgasoline 320 350 380 400
Paraffins C5-Cy 25,7 14,5 8,5 5.1 6,9
Iso-alkanes 40,3 44,0 42,2 46,2 37,5
Olefins 5,1 4,3 6,1 4,2 4,4
Aromatichydrocarbons 8,9 14,7 23,2 25,1 29,4
Naphthenichydrocarbons 20,0 22,5 20,0 194 21,8
Yield of the liquid phase - 80,0 78,5 78,6 75,0
Octane number by research 79,0 85.6 87.9 89.1 9.4
method
Octane number by motor 60.9 719 73.4 742 77.0
method
Massfractionofsulfur,% 0,0080 0,0064 0,0060 0, 0057 0,0039
Note: P=4,0MPa, V=2,0q"

The influence of pressure on the process of hydroprocessing of the gasoline fraction on the catalyst
KGO-3 at V = 2.0 hr' and T = 400°C was studied (Table 2). With an increase in pressure in the interval
2.5-4.0 MPa, the amount of isoalkanes is 37.2-38.9%, the concentration of naphthenic hydrocarbons
decreases from 17.0% to 21.9%.The concentration of aromatic hydrocarbons in the resulting catalyst
ranges from 29.4-30.9%, olefins - 3.4-9.0%. The yield of the liquid phase is 70.0-75.0%. The octane
number of gasoline enriched at 4.0 MPa is 92.4 (RM) and 77.0 (MM). When hydrolyzing the gasoline
fraction, the sulfur content of the final product decreases from 0.0080% (reference gasoline) to 0.0039% at
4.0 MPa.

—— |4 ——
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Table 2 - Influence of pressure on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3

Products,% Pressure, MPa
Initial 25 3.0 35 40
gasoline

Paraffins Cs-Cg 25,7 8,5 4,2 8,7 6,9
Iso-alkanes 40,3 37,8 38,9 37,2 37,5
Olefins 5,1 34 9,0 6,3 4.4
Aromatichydrocarbons 8,9 30,9 30,9 30,8 29,4
Naphthenichydrocarbons 20,0 19,8 17,0 17,0 21,8
Yield of the liquid phase - 70,0 70,0 72,0 75,0
Octane number by research method

79,0 90,0 91,0 91,5 92,4
Octane number by motor method 60.9 75.4 74.9 76,5 77.0

1 0,

Massfractionofsulfur,% 0,0080 0,0061 0,0057 0,0049 0,0039
Note: P=4,0MPa, V=2,0hr"": V=2,0hr"'andT= 400°C.

During the hydroprocessing of the gasoline fraction on the catalyst KGO-3 (P = 4.0 MPa and 400°C),
when the volumetric feed rate of the feed varies from 1.0 to 2.5 hr'', the content of isoalkanes in the
catalyst varies from 31.4 to 37.5% the concentration of aromatic hydrocarbons is 29.0-30.7%, of
naphthenic hydrocarbons is from 15.4 to 21.8%. The amount of olefinic hydrocarbons varies between 2.7-
4.4%. The octane number of the gasoline produced increases with hydrotreating on the catalyst KGO-
compared to the initial (79.0) to 92.4-93.7 (RM). The yield of the liquid phase is 75.0-78.0%. When
hydrolyzing the gasoline fraction on the catalyst KGO-3, the sulfur content in the final product decreases
from 0.0080% (reference gasoline) to 0.0039% at 4.0 MPa (Table 3)

Table 3 - Influence of the space velocity on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3.

Prod o Volumetricspeed, h™!
roducts,”% )

’ Initial 1.0 15 2.0

gasoline

Paraffins Cs-Cq 25,7 20,2 17,4 6,9
Iso-alkanes 40,3 31,4 33,8 37,5
Olefins 5,1 2,7 2,7 4.4
Aromatichydrocarbons 8,9 29,0 30,7 29,4
Naphthenichydrocarbons 20,0 16,6 15,4 21,8
Yield of the liquid phase - 78,0 77,0 75,0
Octane number by research method 79,0 93,7 93,5 924
Octane number by motor method 60,9 77,4 77,6 77,0
Massfractionofsulfur,% 0,0080 0,0037 0,0039 0,0039
Note: P=4.0MPa, 400°C

When studying the influence of temperature on the process of hydroprocessing of straight-run
gasoline on the catalyst KGO-18, it was shown that in the temperature range 320-350°C the maximum
amount of isoalkanes is 39.7-38.2% (Table 4). At higher temperatures, the yield of isoalkanes decreases to
34.4% at 400 °C. The content of aromatic hydrocarbons in the catalyst under these conditions increases
from 15.2 to 24.8%, the yield of naphthenic hydrocarbons decreases from 26.1 to 24.0%. The amount of
olefinic hydrocarbons varies within the range of 4.6-7.6%. The yield of hydro-upgraded gasoline
decreases from 70.7 to 60.5% with increasing temperature from 320 to 400°C.The octane number of
hydrotreated gasoline is increased compared with the original from 79.0 to 90.7 (MI) and by the motor
method from 60.9 to 71.7. The sulfur content of the catalyst decreased from 0.0080 (reference gasoline) to
0.0015% with an increase in temperature to 400°C.
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Table 4 - Effect of temperature on the process of hydroprocessing straight-run gasoline on catalyst KGO-18

T°C
Products,%
Initialgasoline 320 350 380 400
Paraffins Cs-Ce 27,3 114 15,1 12,5 12,2
Iso-alkanes 36,8 39,7 38,2 34,0 34,4
Olefins 4,8 7,6 5,6 5,4 4,6
Aromatichydrocarbons 9,2 15,2 18,7 20,9 24,8
Naphthenichydrocarbons 21,9 26,1 22,3 27,2 24,0
Yield of the liquid phase - 70,7 68,3 65,0 60,5
Octane number by research 79,0 82.6 84.9 88.1 90,7
method
Octane number by motor 60.9 67.8 677 68.5 71,7
method
Massfractionofsulfur,% 0,0080 0,0049 0,0026 0,0030 0,0015
Note: P=4,0MPa, V=2,0hr"’

Table 5 shows the results obtained in a study of the effect of pressure on the process of
hydroprocessing straight-run gasoline on the catalyst KGO-18. Studies have shown that in the pressure
range 2.5-4.0 MPa, the content of isoalkanes in the catalyst increases from 31.2 to 38.8%. The amount of
aromatic hydrocarbons in this pressure range increases from 25.8% to 32.8%, while a decrease in the yield
of naphthenic hydrocarbons from 30.1% to 22.9%. The content of olefinic hydrocarbons is 5.3-6.2%.The
yield of hydro-upgraded gasoline increases with increasing pressure from 58.0 to 90.0%. The octane
number of hydro-upgraded gasoline is increased compared to the initial from 79.0 to 90.7 by the research
method and by the motor method from 60.9 to 71.7. The sulfur content of the catalyst decreased from
0.0080 to 0.0015% as the temperature increased to 400°C.

Table 5 - Influence of pressure on the process of hydroprocessing
of straight-run gasoline on the catalyst KGO-18 at T =400°C, V=2.0 h’!

P, MPa
Products,%
Initialgasoline 2,5 3,0 3,5 4,0
Paraffins Cs-Cg 273 7,6 12,6 7,6 7,2
Iso-alkanes 36,8 31,2 32,0 37,8 38,8
Olefins 48 53 55 3.0 6,2
Aromatichydrocarbons 9,2 25,8 26,9 31,3 32,8
Naphthenichydrocarbons 21,9 30,1 22,9 20,3 229
Yield of the liquid phase 58,0 70,0 75,0 90,0
Octane number by research method 79,0 87,7 91,5 88,2 90,7
Octane number by motor method 60.9 703 7223 72,5 71,7
Massfractionofsulfur,% 0,0080 0,0013 0,0013 0,0012 0,0015
Note: V=2,0hr'andT= 400°C.

When hydrolyzing the gasoline fraction on the catalyst KGO-18 (P = 4.0 MPa and 400°C) with an
increase in the feed rate of feed from 0.5 to 3.0 hr™', the content of isoalkanes in the catalyst increases from
31.3 to 35.0 %, the amount of aromatic hydrocarbons is 25.7-32.8%, the yield of naphthenic hydrocarbons
is 26.3-34.9%, of olefinic hydrocarbons varies between 5.8-6.3% (Table 6). The octane number of the
produced gasoline increases with hydrotreating on the catalyst KGO-18 in comparison with the initial
(79.0) to 89.2-90.7 (RM).The yield of the liquid phase fluctuates within the limits of 80.4-94.6%. During
hydroprocessing of the gasoline fraction on the catalyst KGO-18 at P = 4.0 MPa and 400°C and sulfur
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feed rates of 0.5 hr' sulfur-containing compounds in the final product were not detected. With an increase

in feed rate, the residual sulfur content fluctuates between 0.0012 and 0.0026% (Table 6).

Table 6- Influence of the volumetric feed rate on the process

of hydroprocessing of straight-run gasoline on the catalyst KGO-18

vV, !
Products,%
0,5 1,0 2,0 2,5 3,0
Paraffins Cs-Cq 27,3 3,5 8,2 3,2 7,9 6,5
Iso-alkanes 36,8 31,3 30,0 22,8 343 35,0
Olefins 4,8 6,3 6,2 6,2 5,8 5,7
Aromatichydrocarbons 9,2 25,8 27,7 32,8 25,7 26,2
Naphthenichydrocarbons 21,9 33,1 27,9 34,9 26,3 26,6
Yield of the liquid phase - 94,6 93,8 90,0 86,4 80,4
Octane number by research method 79,0 89,7 89,2 90,7 90,7 92,1
Octane number by motor method 60,9 71,5 68,9 71,7 72,1 71,5
Massfractionofsulfur,% 0,0080 - 0,0012 0,0015 0,0024 0,0026
Note: P=4,0MPaand400°C

The conducted studies of the process of hydroprocessing of the straight-run gasoline fraction allowed
to establish that the catalyst KGO-18 possesses higher hydrodesulfurizing activity in comparison with the
catalyst KGO-3: the residual sulfur content at 400°C is 0.0015 and 0.0039%, respectively. Under these
conditions, the octane number of gasoline hydroprocessed on the catalyst KGO-18 is 90.7 (RM), and the
gasoline produced on the catalyst KGO-3 has an octane number of 92.4 (RM). The observed increase in
the octane number is mainly due to the enhancement of the process of hydroisomerization of n-alkanes
and the increase in the content of aromatic hydrocarbons.

The activity of the catalysts is related to the surface structure, composition and state of the active
sites. An electron-microscopic study was made of the structure and state of the active sites of catalysts
KGO-3 and KGO-18.

According to the electron microscopy data, the catalysts are highly disperse, the metal components of
the active phase are predominantly in the oxidized state, forming cluster-associates on the surface, the
dispersion, structure and state of which is determined by the nature of the catalyst components.

The KGO-3 catalyst is characterized by the presence of clusters with d = 3.0 - 4.0 nm, which are
formed by finely dispersed particles with d <0.05 nm, which include NiSi2 and Ni2O3. In addition, there
are single particles with signs of hexagonal faceting with d = 15.0-30.0 nm, consisting of the compounds
AINi,Si, AINi, Ge,03, MoO (OH) ,, AlMos, MoSi,, Al;Ce and CeAlO; (Figure 1).

Figure 1 - Electron microscopic RMages of the catalyst KGO-3

Clusters of highly dispersed particles of various shapes with d = 50-200 nm, consisting of Co,Mo0;0s,
CeP,0, AIPO4, CoOOH, MoOPO,, a-Co (P,07), Ce (M0Q,) ,, are found on the surface of the catalyst
KGO-18 (Fig. 2). In addition, there are 4-5 nm particles formed by Ge4 (P207) 3, CoSi, MoP, MoSi,,
GegOqand CoMoP,.
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Figure 2 - Electron microscopic RMages of the catalyst KGO-18

It should be noted that the detected structures of AINi2Si, AIMo3, AINi, MoSi2, Al13Ce and CeAlO3
NiSi2 indicate the introduction of metals-active phase components into the zeolite structure with the
formation of new centers that can function as Lewis acid sites [22, 23].

Conclusions. Thus, modified zeolite-containing catalysts for the hydroprocessing of gasoline
fractions Co0O-Mo00;-Ce,03-P,05-A1,05-ZSM  and NiO-Mo0O;-Ce,O; -P,05-Al,03-ZSM  have been
developed and synthesized, which hydrotreating and hydroisomerization in one step. The developed
catalysts for activity in hydrotreatment processes of gasoline fractions of petroleum exceed the known
industrial catalysts [1, 2]. The catalysts make it possible to obtain low-sulfur gasoline, and also to increase
its octane number.

Source of research funding: The work is carried out in accordance with the scientific and technical
program: No. BR05236739 "Creation of bases for the production of oil and gas products based on
domestic technologies".
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B.T. Tyktun, A.C. Tenizoaesa, H.H. Hypranues, JI.b. lllanosanosa, B.U. flckeBuu
" 11.B. CokosbckuiiaThIHIaFbKaHAPMaK, KaTajau3 j)KoHE JIEKTPOXUMUS HHCTUTYTHI", Anmatsl, KazakcTan

MOJAPHUIUPJIEHTEH Ni(Co)-Mo- ALO;KATAJTU3ATOPJIAPBIH/IA TYPA AMJAJIFAH BEH3UH
®PAKIUSICBIH THAPOU3OMEPJIEY )KOHE I'HJIPOOH/IEY

AnHoTamua. )KyMbicTa JKaHa IIEOJUTKYPaMIbl aTFOMOHHKEIb (kobanbT) MomubaeH, CXD xoHe dochopmer
Mouduiupienred CoO-MoOs;- Ce,03-P,05-Al1,05-ZSM (KI'O-18); Co0O-Mo00;-La,0;-P,05-A1,03-ZSM(KI'O-20) xoueCoO-
Mo0O;-Ce,05-P,05-A1,03-ZSM-HY (KI'O-16) karanuzaropiapblHaa Typa aiifanrad OcH3uH (QpakuusIapblH THApOTasanay MeH
THAPOM30MEpICYIiH 3epTTey HoTmwkenepi kepcerinreH. [IIMki3aTThlH KeneMIiKOEpimTyKbUIIAMABIFBI MEH KBICHIMBIHBIH
TeMmmeparypara ocepi 3eprrennmi. Typa aiimanran O€H3MHII arbIMABI KOHOBIPFBIA JKOFAaphl KBICBIMIA KaTaln3aTOPIBIH
CcTanHoHapITBl KaGaThIHBIH Temmeparypacsl 320-400°C, kpichMbl 3,0-4,0 MIa MMKi3aTTHIH KeMEMIK Gepily KbUTiaMmbiFs 0,5-
3,0 car’! rugpoemmey mpoueci xyprisinmi. Typa aiifanran GeH3HHII THAPOSHICTCHAC XOFAPH KYKIPTCI3ACHAIPY aKTHBTiiriHe
KI'O-18 xarammsaTopsl mebonusl. TemmepaTypaHbI 400°C KeTepreHje CYHBITHIKTArsl KYKipTTiH Kypambl 0,0080 (Bacramker
6emsun) 0,0015%-ra neifin  TeMeHpexi. 400°C-ta KI'O-3 KaTaIM3aTOPBIHAA Typa aiimanraH O€H3MH (paKIMsICHIH
THIPOOHICTCHHEH KCiiH MMIpoXKaKcapThUIFaH OCH3WHHIH OKTaH caHbl 79,0 (Gactankpl Oeu3un) 92,4 (3.0) xoHe 62,4-teH 77,0
(M.9.) Ocsr xargaiina KI'O-18 kaTann3aTopbiHga THAPOKAKCAPTHUIFaH OCH3MH I OacTankbl MEH CalbICTHIPCAK OKTaH CaHbl 78,9-
nan 90,7(3.9) xxoHemoTopisl axicrien 60,9-nan 71,7-re ockeH.

DIEKTPOHIBl MHUKPOCKOMUSUIBIK 3epTreynep moaupukammsieHreH Ni (Co) -Mo-AlLO; karanu3aTopiaapbIHBIH KOFapbI
JIUCTIEPCTI eKEeHIH KopceTTi, OenceHai (a3aHbIH METalsl KOMIOHEHTTEp] HETi131HEH TOTHIKKAH Kyiae Ooibim, OeTiHAe KiIacTepii-
accoIMaTTap TY3€l, JUCICPCTIIIr, KYPbUTBIMBI MEH KYHi KaTanu3aTOPIbIH KOMIOHEHTTEPIHIH TAOMFAThl OOMBIHINA aHBIKTAJIA/IbI.

Tyiiin ce3mep: neonut, Typa aiiianrad OEH3MH, KaTaau3aTop, THAPOOHEY.

B.T. Tyktun, A.C. Tenuzoaesa, H.H. Hypraamues, JI.b. lllanoBanosa, B.U. SIckeBuu
AO "UHcTHTyT TOIUIHBA, KaTanu3a u dnekrpoxumun uM. [I.B. Cokonsckoro”, Anmatsr, Kazaxcran

NCCIEJOBAHUE T'MIPOOYUCTKHN U THIPOU3OMEPU3ALINN NPAMOTOHHON
BEH3MHOBOU ®PAKIIMN HA MOJUP®UILINPOBAHHBIX Ni(Co)-Mo- ALL,O3;- KATAJIM3ATOPAX

AnHoTanusi. B paboTre mnpuBeneHbl pe3yibTaThl HMCCIEAOBAHMM THIPOOYHCTKH W THAPOU3OMEPHU3ALNU
MPSIMOTOHHOM OEH3MHOBOH (ppakiuyi Ha HOBBIX IMEOJNUTCOACPKAIMINX ANTIOMOHHKENh (K0OAIhT) MOIHOICHOBBIX
Karanuiaropax, MonupumupoBaHHeix ¢Gochopom u P3D: CoO-MoO;- Ce,03-P,05-Al,05-ZSM (KT'O-18) uNiO-
MoO;- Ce;0;-P,05-A1,03-ZSM (KT'O-3). UccrienoBaHo BIUSHHUE TEMIEpaTyphl, NaBICHUS U OOBEMHOIN CKOPOCTH
noJiauu ChIpbs. MccienoBaHue MpoieccoB TMaAponepepabOTKUIPSIMOTOHHOTO OEH3MHA MPOBOJMIOCHB MPOTOHHON
YCTaHOBKE BBICOKOTO JABJICHHS CO CTAllMOHAPHBIM CIIOEM KaTalM3aTopa MpH TeMIIepaTypax 320-400°C, naBnennu
3,0 -4,0 MI1a u 00beMHOM CKOPOCTH MoAadu Chipbs 0,5- 3,0u7.

[Tpu rugponepepaboTKe NPSMOTOHHOTO OEH3MHA BBICOKOH THApooOeccepuBaroliell akKTUBHOCTHIO 00JajaeT
katanusarop KI'O-18. Coxepxanue cepbl B Karamuzate ¢ poctoM temmeparypbl 10 400°C camsunocs ¢ 0,0080
(ucxoanbiit 6ensun) a0 0,0015%.Ilocne ruaponepepabOTKU MPSIMOTOHHOM OEH3MHOBOW (QpakiMU Ha KaTanuzaTope
KI'O-3 npu 400°C 0KTaHOBOE YHCIIO THAPOOGIArOPOKEHHOr0 GeH3uHa pacteT oT 79,0 (McXomHblil Gensun) 10 92,4
MUM) umu or 624 no 77,0 (MM).B ostux ycnoBusx Ha karanuzarope KI'O-18 oxraHoBoe umcio
TUIPO00IarOpaKEHHOTO OCH3WHA MOBHIIIACTCS 110 CPAaBHEHHIO C MCXOMHBIM 0T 78,9 1o 90,7 (M) u mo MoTOpHOMY
Metoxy ot 60,9 mo 71,7.

DNEeKTPOHHO-MHUKPOCKOTIMIECKHE HCCIIeOBaHUS TMokasamu 4uro MomudumupoBanHele Ni(Co)-Mo-Al,O5
KaTaln3aToOpel  SBIIOTCS ~ BBICOKOMUCIIEPCHBIMH, KOMIIOHEHTHI METAJUIOB  aKTUBHOW  (pa3pl  HaxomsaTcs
MPEUMYIIECTBEHHO B OKHCIIEHHOM COCTOSIHHH, 00pa3ys Ha IOBEPXHOCTH KIACTEPHI-aCCOIMATHI, JHCIIEPCHOCTB,
CTPYKTYpa U COCTOSTHIE KOTOPBIX ONPEIEIIeTCS IPHPOIOH KOMIIOHEHTOB KaTalIn3aTopa.

KiroueBblie ci10Ba: 11€0JIUT, MPSIMOTOHHBIN OE€H3MH, KaTaIM3aTop, THAPOOUYHCTKA.
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THE STUDY OF THE CHEMICAL COMPOSITION
OF THYMUS EREMITA KLOK. AND THYMUS RASITATUS KLOK.
FROM THE KARAGANDA REGION

Abstract. Possible reduction of stocks of medicinal plant raw materials of creeping thyme (Thymus serpyllum
L.) and thyme vulgaris (Thymus vulgaris L.) leads to the need to expand the raw material base of official medicinal
plants due to additional plant sources and their integrated use. Therefore, we conducted a comprehensive study of the
contents of various classes of biologically active substances in the herbs of Thymus rasitatus Klok. and Thymus
eremita Klok., which are endemic species growing in the territory of the Karaganda region. It has been established
that herbs of Thymus rasitatus Klok. and Thymus eremita Klok. contain a significant number of different classes of
biologically active substances, namely terpenoids, flavonoids, phenolcarboxylic acids, tannins, triterpene
compounds, water-soluble polysaccharides, pectin substances, amino acids and organic acids. The presence of these
substances and the content of a large list of important mineral elements determine the promise of their use in
pharmacy and medicine.

Keywords: herbs, Thymus eremita Klok., Thymus rasitatus Klok., essential oils, biologically active substances,
macro- and microelements, radionuclides.

Introduction. In terms of developing and introducing into the practical health care an original
effective phytomedication, plants of the Thymus family (Thymus L.) of the family Lamiaceae are of
undoubted interest. The genus Thymus is popular in traditional medicine of many countries and peoples as
a valuable medicinal raw material. Various types of biological activity of plants of the thyme species have
been described by the results of scientific research [1, 2, 3, 4, 5, 6]. Thymus serpyllum L. and Thymus
vulgaris L. are included in the State Pharmacopoeia of the Republic of Kazakhstan as medicinal plants [7].
At the same time, a possible reduction in stocks of medicinal plant raw materials leads to the need to
expand the raw-material base of official medicinal plants through additional plant sources and their
integrated use. At the moment, other species of plants of the genus Thymus L. have been applied only in
folk medicine.

The flora of Central Kazakhstan includes 12 species of plants of the genus Thymus, of which 5
species are endemic, including Thymus rasitatus Klok. and Thymus eremita Klok. [8]. The chemical
composition and biological properties of these species have not been practically studied for their possible
use [9, 10].

The aim of our work is the chemical study of various classes of biologically active substances of
endemic species of Thymus rasitatus Klok. and Thymus eremita Klok., growing in the territory of the
Karaganda region.

Materials and methods. The aerial part (thin stems, leaves, flowers) of the plants used in this study
were collected in populations of the Karaganda region of the Republic of Kazakhstan: Thymus rasitatus
Klok. in the mountains of Karkaralinsk (N 49 © 57407 '; E 75 © 30976"), Thymus eremita Klok. in the
vicinity of the town of Balkhash in the mountains of Bektauata (N 47 © 2554 ', E 74 © 4738'"), in June 2016
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in phase of blossoming — flowering. The collected samples were dried, crushed and stored in accordance
with the requirements of the State Pharmacopoeia of the Republic of Kazakhstan for medicinal plants.

The commodity analysis of herbs of Thymus rasitatus Klok. and Thymus eremita Klok. is given in
accordance with the requirements of the State Pharmacopoeia of the Republic of Kazakhstan.

All samples of essential oils were obtained by hydrodistillation of the air-dried overground part of the
raw material on the Clevenger apparatus [7]. The component composition of essential oils Genus of
Thymus rasitatus and Thymus eremita was determined by GC-mass spectroscopy using an Agilent GC
System 7890A gas chromatograph coupled with the Agilent 5975C mass-selective detector (MSD). The
analysis was carried out under the following conditions: HP-5MS capillary column 30 m x 0.25 mm id,
0.25 pum), the isotherm of the furnace at 70°C for 2 min, then from 70°C to 270°C at 20°C/min, then hold
270°C for 30 min, the carrier gas (helium) at a flow rate of 2 ml/min — splitless, the temperature of the
evaporator was 250°C and the detector temperature was 230°C. The mass spectra were recorded using an
ionization energy of 70 eV and a separation temperature of 280°C, acquisition mass range m/z of 10-650.
Identification of the components was carried out by comparing their recorded mass spectra with data
stored in the NIST 2011 MS Bundle mass spectrum library (G1033A) of the GC-MS data system.

The content of flavonoids, phenol carboxylic acids, tannins, triterpene compounds, water-soluble
polysaccharides, pectic substances, amino acids, organic acids, bioelements and radionuclides in the
samples was determined using the methods described in the State Pharmacopoeias of the Republic of
Kazakhstan, Russian Federation and described in the work [11].

The mineral composition of plant raw materials was studied by evaporation with the use of emission
spectral analysis in the «EcoNus» testing laboratory (Karaganda, Kazakhstan).

The determination of radionuclides (Cs, Sr) in the two samples of plant raw materials was carried out
by a radiochemical method without ashing in the beta spectrum at the «Ecoexpert» test center (Karaganda,
Kazakhstan).

Results and discussion. A complex study of the main groups of biologically active compounds of the
aboveground part of two endemic species Thymus rasitatus Klok. and Thymus eremita Klok., growing on
the territory of the Karaganda region, is being conducted for the first time, and is the first stage of
phytochemical research of these plant species. A commodity analysis of herbs of Thymus rasitatus Klok.
and Thymus eremita Klok. was carried out, according to the results presented in Table 1, it was
established that the samples of plant raw materials under investigation comply with the requirements of
the GF RK.

Table 1 - Results of commodity analysis of herbs of Thymus rasitatus Klok. and Thymus eremita Klok.

Name of plant Foreign Weight loss Total ash,% Ash, insoluble in Microbiological
impurities,% during drying,% no more hydrochloric purity
not more than 2% no more 12% acid,% in accordance with
13 % not more than the requirements of
3,5% the GF RK
Thymus rasitatus 1,26 5,51 5,28 2,33 within the normal
Klok. range
Thymus eremita 1,0 5,6 6,38 2,93 within the normal
Klok. range

The results of determining the quantitative content of individual classes of biologically active
substances in herbs of Thymus rasitatus Klok. and Thymus eremita Klok. are presented in Table 2.

As can be seen from Table 2, the yield of essential oil from Thymus rasitatus Klok. was 0.60%, of
Thymus eremita Klok.- 0.30%, in terms of air-dried raw materials.

Based on the results of the study of the component composition of the essential oils of the test
samples by the method of chromatography-mass spectrometry (Table 2), it has been established that (£) -
trans-nerolidol (14.55%), trans-geraniol acetate (13.91%), B-linalool (12.66%), trans-geraniol (9.50%), y-
terpineol (8.27%), 1.8-cineol (5.99%), cis-geraniol acetate (4.21%), cis- geraniol (3.49%), endo-borneol
(3.01%) are the main components of essential oil of Thymus rasitatus. Thymus eremita Klok. essential oil
contains the following main components: -linalol (25.94%), a-terpeneol (12.27%), 1.8-cineole (10.46%),
() -trans-nerolidol (7.17%), endo -Borneol (5.67%), B-myrcen (3.66%).
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Table 2 - Content of the main groups of biologically active substances in herbs of Thymus rasitatus Klok.
and Thymus eremita Klok., growing in the territory of the Karaganda region
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Thymus 0,60 2,88 1,81 19,83 1,19 5,35 8,95 0,70 6,31

rasitatus Klok. +0,02 +0,03 +0,05 +0,49 +0,09 +0,14 +0,29 +0,05 +0,19

Thymus eremita 0,30 2,89 1,06 13,29 0,55 2,89 9,34 0,94 5,98

Klok. +0,03 +0,04 +0,05 +0,19 +0,03 +0,11 +0,21 +0,03 +0,19

Table 2 - Chemical composition of essential oils of two species of Thymus L.
No t; (min) Component Area (%)
Th. rasitatus Th. eremita

1 10.801 a-Pinene 1.70 1.21

2 11.408 Camphene 2.23 2.16

3 12.360 p-Terpinene 1.44 1.30

4 12.418 f-Pinene 2.10 -

5 12.584 1-octen-3-ol - 0.52

6 13.017 S-Myrcen - 3.66

7 13.846 (+)-4-Carene 0.16 0.42

8 14.128 o0-Cymene 0.58 3.97

9 14.229 Limonene 0.87 0.83

10 14.301 1,8-Cineole 5.99 10.46

11 14.957 cis-f-Ocimene 2.29 1.46

12 15.297 y-Terpinene 0.38 0.95

13 15.571 cis-f-Terpineol 0.14 0.10

14 16.639 p-Linalool 12.66 25.94

15 18.002 (+)-Camphor 0.46 1.28

16 18.233 Nerol oxide 0.17 -

17 18.659 endo-Borneol 3.01 5.67

18 19.020 (-)-Terpinen-4-ol 0.63 1.39

19 19.186 cis-Verbenol 0.05 -

20 19.431 a-Terpineol 8.27 12.27

21 20.528 cis-Geraniol 3.49 1.24

22 20.701 Thymol methyl ether - 1.18

23 20.896 p-Citral 1.60 1.31

24 21.292 trans-Geraniol 9.50 -

25 21.740 a-Citral 2.62 -

26 22.180 iso-Bornyl acetate 0.21 0.21

27 22.440 Thymol 0.42 1.48

28 22.815 Carvacrol - -

29 24.287 (R)-Lavandulyl acetate - 0.33

30 24.294 cis-Geraniol acetate 4.21 -

31 24.821 trans-Geraniol acetate 13.91 -

32 24.900 (-)-f-Bourbonene 0.17 0.37

33 25.816 Caryophyllene 0.64 2.32

34 26.675 Humulene - 0.22

35 27.361 S-Copaene 0.32 0.40

36 27.765 y-Elemene 0.10 0.31

1 2 3 4 5

37 29.374 (£)-trans-Nerolidol 14.55 717

38 29.785 (-)-Spathulenol 0.75 1.30

39 29.922 Caryophyllene oxide 0.70 2.24

40 31.279 a-epi-Cadinol 0.17 0.20

41 31.711 Juniper camphor 0.36 1.47

Total 96,85 95,34
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Both plant objects contain an equal amount of flavonoids (in the form of cynaroside), however, the
herb of Thymus rasitatus Klok. is characterized by a relatively high content of phenolcarboxylic acids (in
the form of rosmarinic acid), tannins, triterpene compounds, water-soluble polysaccharides (in the form of
apple acid) and organic acids, and the herb of Thymus eremita Klok.contains relatively more pectin
substances and amino acids.

A study of the mineral composition of the herbs of Thymus rasitatus Klok. and Thymus eremita Klok.
showed the presence of 43 bioelements (Table 4). In the herb of Thymus rasitatus Klok. herbs, iron
(1245.51 mg / kg), phosphorus (861.88 mg / kg) and aluminum (680.90 mg / kg) were identified in
significant amounts. Herb of Thymus eremita Klok. contains approximately identical concentrations of
iron (1013.74 mg / kg), phosphorus (905.92 mg / kg) and aluminum (618.00 mg / kg). All values comply
with the requirements of the GF RK.

Table 4 - Mineral elements of plants Thymus eremita Klok. and Thymus rasitatus Klok.

Ne Chemical element Content (%)
Th. rasitatus Th. eremita

1 Aluminum 680,90 618,00
2 Barium 252,84 450,52
3 Beryllium 1,10 <0,80
4 Bor 28,56 21,09
5 Vanadium <5 <5
6 Bismuth <1 <1
7 Tungsten <2 <2
8 Gallium <3 <3
9 Hafnium <5 <5
10 Germanium <3 <3
11 Iron 1245,51 1013,74
12 Gold <10 <10
13 Indium <5 <5
14 Ytterbium <0,50 <0,50
15 Yttrium 3,16 <3
16 Cadmium <3 <3
17 Cobalt <1 <1
18 Lanthanum <5 <5
19 Lithium 1,83 <1
1 2 3 4
20 Manganese 242,96 165,42
21 Copper 18,73 12,79
22 Molybdenum <1,50 <1,50
23 Arsenic <5 <5
24 Nickel <10 <10
25 Niobium <5 <5
26 Tin <1 <1
27 Platinum <10 <10
28 Plumbum 23,45 <10
29 Silver <0,10 <0,10
30 Scandium <1 <1
31 Strontium 77,56 71,13
32 Antimony <5 <5
33 Thallium <10 <10
34 Tantalum <10 <10
35 Tellurium <20 <20
36 Titanium 108,91 110,72
37 Thorium <2 <2
38 Uranus <500 <500
39 Phosphorus 861,88 905,92
40 Chromium 29,41 28,45
41 Zinc 75,20 47,62
42 Cerium <20 <20
43 Zirconium 2,39 2,74
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The content of radionuclides (Cs, Sr) in the two investigated samples of plant raw materials complies
with the requirements of the State Pharmacopeia of the Republic of Kazakhstan (table 5).

Table 5 - Results of determination of radionuclides in raw materials Thymus eremita Klok. and Thymus rasitatus Klok.

Name of plant Contents of Cr-137, Bg/kg Contents of Sr-90, Bg/kg
Permissible content of Actual results Permissible content Actual results
normative documents of normative

documents
Thymus rasitatus Klok. 200 Bq/kg 12 Bq/kg 100 Bg/kg <15 Bg/kg
Thymus eremita Klok. 200 Bg/kg 9 Bg/kg 100 Bg/kg <11 Bg/kg

Thus, the obtained data make it possible to note that the herbs of Thymus rasitatus Klok. and Thymus
eremita Klok. contain a significant number of different classes of biologically active substances, namely,
terpenoids, flavonoids, phenol carboxylic acids, tannins, triterpene compounds, water-soluble
polysaccharides, pectins, amino acids and organic acids. The presence of these substances and the content
of a large list of important mineral elements indicate the need for further pharmacological and
phytochemical studies of these types of plant raw materials, to assess their biological activity with the aim
of developing new domestic medicines and more detailed study of the raw materials base to meet the
needs of the pharmaceutical industry.

Conclusions.

1. Comprehensive study of the contents of various classes of biologically active substances in the herb
Thymus rasitatus Klok. and herb Thymus eremita Klok., growing in the territory of the Karaganda region,
was carried out.

2. It has been established that herbs of Thymus rasitatus Klok. and Thymus eremita Klok. contain a
significant number of different classes of biologically active substances, namely terpenoids, flavonoids,
phenolcarboxylic acids, tannins, triterpene compounds, water-soluble polysaccharides, pectin substances,
amino acids and organic acids. The presence of these substances and the content of a large list of
important mineral elements determine the promise of their use in pharmacy and medicine.
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KAPAFAHABI OHIPIHJAEI'l THYMUS EREMITA KLOK. JKOHE THYMUS RASITATUS KLOK.
OCIMIIKTEPIHIH XUMUSJIBIK K¥YPAMBIH 3EPTTEY

AnHortanus. Jopinik ecimaik Thymus serpyllum L. sxone Thymus vulgaris L. mmKki3aThlHbIH KOPBIHBIH BIKTUMAJ
TOMEH/IEyl KOCBIMILIA OCIMJIK KO3[epi apKblIbl PECMU JOPITIK OCIMIIKTEpiH IIHKI3aT 0a3achlH KEHEUTY KaKETTUIIriHEe
okeneni. ConnbikTan Kaparanapl 00JIbICH ayMaFbIHIA ©CETIH 3HAEMUKANBIK eIl Typaepinae Thymus rasitatus Klok. sxoHe
Thymus eremita Klok. Ouonorusuiblk OeJICEHII 3aTTapIbIH OPTYPJi CHIHBIITAPBIHBIH MAa3MYHBIH JKaH-)KaKThl 3€pPTTCYy
xkyprisinai. Thymus rasitatus Klok. xxone Thymus eremita Klok. mentiy KypaMbIHIa OUOJIOTUSIIBIK O€JICEHl 3aTTapAbIH
OpTYpJi CHIHBINTApel 0ap, aram aWTKaH[a, TEPHCHOMATED, (IAaBOHOMATAP, (DEHOJIKAPOOH KBIIKbUIIAPBI, TAHWUHIED,
TPUTEPIIEH KOCBUIBICTApHI, Cy/a EpUTIH MOJIMCAaXapHATEep, MEKTHKAIBIK 3aTTap, aMUH KBIIKBUIAAPEl MEH OPraHHKAIIBIK
KBILIKbUIAAp Oap. Byt 3artap/piH 0OMybl %oHE MaHBI3AbI MUHEPAIIbl JIEMEHTTEP/IH YJIKeH Ti3IMiHIH Ma3MYHBI OJIap/Ibl
(apmanusa xxoHe MeIUIMHA A TTaiijaTaHy Typabl yoIeciH aHBIKTAMHIbL.

Tyiiinai ce3nep: men, Thymus eremita Klok, Thymus rasitatus Klok., a¢up maiibl, Ononorusisik Oencesai 3aTrap,
MaKpO- JKOHE MHKPOJICMEHTTED, PATUOHYKITHITED.
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HCCIEJOBAHHUE XUMHNYECKOI'O COCTABA THYMUS EREMITA KLOK.
U THYMUS RASITATUS KLOK. KAPATAHAWMHCKOI'O PETHOHA

AHHoTanus. Bo3MoxHOE coKpalieHue 3a1acoB JIEKAPCTBEHHOTO PACTUTENBEHOTO CHIPbsl TUMBbsIHA 1T0oN3y4ero (Thymus
serpyllum L.) u TumMbsiHa 00bikHOBeHHOTO (Thymus vulgaris L.) npuBoIuT K HEOOXOAUMOCTH PaCIIUPEHHS ChIPHEBOI 0a3bl
O(MIUHATBHBIX JICKAPCTBEHHBIX PACTCHHH 33 CUET JOMOJIHUTENBHBIX PACTUTENBHBIX HCTOYHHKOB M KOMIUIEKCHOTO HX
UCTIONB30BaHUA. [109TOMy HaMu NPOBEAEHO KOMIUICKCHOE H3YyYEHHE COIEp)KaHHs PA3IMYHBIX KJIACCOB OMOIOTHYECKH
aKTUBHBIX BEIIECTB B TpaBe TUMbsHa Oputoro (Thymus rasitatus Klok.) u Tumbsana nmycteiHHuKa (Thymus eremita Klok.),
SHAEMHUYHBIX BHUJaX MPOHM3PACTAIONINX HA TEppUTOpHU KaparaHanHCKOTO pernoHa. YCTaHOBIICHO, YTO TpaBa THMBSHA
OpuTOr0 W TpaBa THMbSHA IyCTHIHHHKA COIEPXAT 3HAYUTENHHOE KOJMYECTBO PA3IUYHBIX KJIACCOB OHOIOTHYECKU
AKTHBHBIX BEIIECTB, a HMMEHHO, TEPIEHOWAOB, (IaBOHOWAOB, (EHOIKAPOOHOBBIX KHCIOT, XyOWIBHBIX BELIECTB,
TPUTEPIICHOBBIX COCANHEHMI!, BOIOPACTBOPHMBIX IIOJIHCAXa-PHJIOB, IEKTHHOBBIX BEIIECTB, AMHHOKHUCIOT U OPraHUYECKUX
kucnoT. Hannume KOTOPBIX, B KOMIUIEKCE C KOJMUYECTBEHHBIM COJAEPXKAHHMEM MHOTHX BA)KHEHWIINX MHHEPaTbHBIX
3IIEMEHTOB, OIPEACINIAIOT IEPCIIEKTUBHOCT HX MCHOJIB30BAHMSA B (hapMauy 1 MEAUINHE.

Kawuesvble cioBa: tpaBa, Thymus eremita Klok., Thymus rasitatus Klok., a¢upHbie Maciia, OMOIOTHYECKH aKTHBHBIC
BEI[ECTBA, MAKPO- U MUKPOAIEMEHTHI, PaIHOHYKITHIbL.

Information about authors:

Akhmetalimova A.M. - PhD doctoral student of the 3rd academic year for the specialty of Pharmacy, Department of
Pharmaceutical Discipline and Chemistry, Karaganda State Medical University, Karaganda, Kazakhstan, e-mail:
kirra_777@mail.ru.

Ivasenko S.A. - doctor of Pharmaceutical Sciences, Associate Professor, Department of Pharmaceutical Discipline and
Chemistry, Karaganda State Medical University, Karaganda, Kazakhstan, e-mail: Ivasenko@kgmu.kz.

Marchenko A.B. - doctor PhD, research associate of LKP SIC Karaganda State Medical University, Karaganda State
Medical University, Karaganda, Kazakhstan, e-mail: marchenko@mail.ru

Ishmuratova M.Yu. - Candidate of Biological Sciences, Associate Professor, Department of Pharmaceutical Sciences,
Karaganda State University named after academician Ye.A.Buketov, Karaganda, Kazakhstan, e-mail: margarita.ishmur@mail.ru

Poleszak E. - doctor PhD, Professor, Vice Dean Faculty of Pharmacy with Analytics Division, Head of the Chair and
Department of Applied Pharmacy, Medical University of Lublin, Lublin, Poland, e-mail: ewapoleszak@umlub.pl

Ludwichuk A. - doctor PhD, Professor, Department of Pharmacognosy with Medicinal Plant Unit, Medical University of
Lublin, Lublin, Poland, e-mail: agnieszka.ludwiczuk@umlub.pl

Loseva V. - Candidate of Biological Sciences, Head of the Department of Pharmaceutical Disciplines and Chemistry,
Karaganda State Medical University, Karaganda, Kazakhstan, e-mail: loseva@kgmu.kz




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2018. 2518-1491.4
Volume 5, Number 431 (2018), 26 — 31

UDC 547.7/.8:541.124

S.D.Fazylov', O.A. Nurkenov', M.Zh. Zhurinov®,
A.E. Arinova', A.R.Tuktarov?, A.Zh.Issayeval, B.K.Shaihova'

'Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan, Karaganda, Kazakhstan;
’Institute of Petrochemistry and Catalysis of RAS, Ufa, Russia;
*Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky, Almaty, Kazakhstan
e-mail: iosu8990@mail.ru, nurkenov_oral@mail.ru , arinova-anar@mail.ru , airat 1@mail.ru,
ayauly jan@mail.ru,dautova@mail.ru

CATALYZED BY PALLADIUM COMPLEXES
THE CYCLOADDITION OF HYDRAZONES TO FULLERENEC,

Abstract.The article is devoted to the development of a preparatively convenient method for the synthesis of
new methanofullerenes by the catalytic cyclo coupling of hydrazones to fullereneCq. The catalyst used was
Pd(acac),-PPhs-AlEt;. The reactions were carried out under conditions of generating substituted diazomethanes in
situ by oxidation of the hydrazones of the corresponding aldehydes with MnO,. The use of complexes of transition
metals in this reaction makes it possible to direct the cycloaddition of the diazo compounds to fullerenes towards the
production of individual methanofullerenes. Initially, the synthesis of the initial arylhydrazones by the interaction of
substituted benzaldehydes (salicylic aldehyde, 5-bromosalicyl aldehyde, 4-morpholino-benzaldehyde, 4-piperidine
benzaldehyde) with an excess of hydrazine hydrate in isopropyl alcohol was carried out. The reaction of the reaction
of diazoarylaldehydes with fullerene Cg, was monitored by HPLC. It is shown that the use of the catalyst Pd(acac),-
PPh;3-AlEt; in a ratio of 1:4:4 leads to the formation of exclusively methanofullerenes with yields of 40-95%. The
composition and purity of the methanofullerenes obtained are confirmed by MALDI-TOF and HPLC mass
spectrometry, and the structure by NMR'H spectroscopy. The mechanism of formation of methanofullerene is
discussed.

Keywords: fullereneCg, aromatic aldehydes, diazoarylaldehydes, cycloaddition, catalyst Pd(acac),-PPh;-AlEt;.

At present, the world science pays ever more attention to the prospects for the development of
fundamental and applied research in the field of chemistry of carbon clusters. The organic chemistry of
fullerene has acquired a special perspective and is developing [1,2]. The presence of a fullerene fragment
in the structure of compounds provides a significant improvement or appearance of qualitatively new
mechanical, chemical, physical, biological and other properties associated with the manifestation of
nanoscalefactors[3], immunomodulating [4], antioxidant [5], andothertypesofactivity. Functionalization of
fullerenes is mainly carried out using classical reagents and methods widely used in synthetic practice [6-
13]. We previously studied the reactions of the [2 + 3]-cycloaddition-the three-component condensation of
Ceo fullerene, N-methylglycine (sarcosine) and various functionally substituted aromatic aldehydes under
Prato reaction conditions, leading to the formation of new fulleropyrrolidines [14-17].

One of the most commonly used methods for the synthesis of practically important functionally
substituted fullerene derivatives has been and still is the reaction of carbon clusters with in situ generated
a-halocarbanions (the Bingel-Hirsch reaction) leading to methanofullerenes [18]. Along with this method
of synthesis of fullerocyclopropanes, a wide application in synthetic practice has found methods based on
cycloaddition to carbon clusters of diazocompounds.However, the main disadvantage of this reaction is its
low selectivity. Meanwhile, the use of transition metal complexes in this reaction makes it possible to
direct the cycloaddition of diazo compounds to fullerenes towards the production of individual
methanofullerenes.
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In this connection, it seemed to us of interest to study the catalytic cycloaddition of
diazoarylhydrazones to C60-fullerene catalyzed by palladium complexes. Initially, we synthesized the
initial arylhydrazones by the interaction of substituted benzaldehydes (salicylic aldehyde, 5-bromosalicyl
aldehyde, 4-morpholinobenzaldehyde, 4-piperidine benzaldehyde) with excess hydrazine hydrate in
isopropyl alcohol medium with heating for 6-10 hours. Theyieldsofhydrazones (1-4) 45-95%.

R, R,
O
74 2-propanol
Ry & + HN—NH; H0 ———— Ry C=N—NH,
u “H,0 H
R R (1-4)

R=R,=H, R,;=—N > (1); R=R,=H, R;=—N 0 (2);

R=OH, R,;=R,=H (3); R=OH, R,=H, R,=Br (4)

Next, we carried out for the first time the cyclic addition of diazoarylhydrazones (1-4) to fullerene Cg
under the action of the three-component catalyst Pd(acac),-PPh;-AlEt; under the conditions of using the
procedure for the generation of substituted diazomethanes by oxidation of the corresponding aldehydes
with MnQO,. The use of the catalyst Pd(acac),-PPh3;-AlEt; in the ratio 1:4:4 leads to the formation of
methanofullerenes (5-8) with yields of 40-95%.

Mn02
Pd(acac),-4PPh;-4Et;Al

On the basis of the literature data, we give below a scheme-the proposed mechanism of cycloaddition
of diazomethane to Cg involving Pd complexes. The likely mechanism of the catalytic action of the
phosphine complex Pd on the cycloaddition of diazomethanes to fullerene Cg, is based on the results of
numerous experiments [19, 20].

According to the data of the authors [19, 20], the oxidative addition of fullerene Cg, to the central
catalyst atom (Pd(PPh;),) proceeds to form the palladium of the cyclopropane complex CgPd (PPh;) (1),
which is confirmed by the presence of a single signal with a chemical shift 3p 25.23 m. e. in the 'H NMR
spectrum of the complex (I) obtained and the color change of the fullerene solution from violet-purple to
dark green. Further, diazomethane reacts with the complex (I) via a polarized Pd-C bond with the
simultaneous elimination of N, and the formation of intermediate fulleropalladiumcyclobutane (II), which
under the reaction conditions is transformed into the target methanofullerene (IIT) with regeneration of the
initial Pd complex.
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4PPh; + Pd(acac), + 4Et;Al

l-s-o 0c
C60
Pd(PPhy),
-2(PPh3)
Z SN PPh
0‘030 pd. ° +2(PPhs)
7 e,

The reaction of diazoarylaldehydes (1-4) with fullerene Cgy under the action of the Pd(acac),-PPhs-
AlEtscatalyst was monitored by HPLC. The reaction products were analyzed on an Altex chromatograph
(model 330) (USA) with a UV detector at a wavelength of 313 nm. Figure 1 shows the chromatograms of

Compound (5) for the reaction time in 2 h and 4 h.
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Figure 1 - Chromatograms of compound (5): A - after 2 h; (B) - after 4 h
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The structure of the compounds obtained was studied using 1- (4- (piperidine) phenyl)-1aH-1(2)a-
homo(C60-1h) [5,6] fullerene (5) using mass spectrometry (MALDI-TOF/TOF). Mass spectra (5) contain
peaks of molecular ions with m / z 892.097 (calculated at 893.120) (Fig. 2).
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Figure 2 - Mass spectrum of 1-(4-(piperidine)phenyl)-1aH-(2)a-homo(Cqo-1;) [5,6] fullerene (5)

Thus, the synthesis was carried out and the catalytic cycloaddition of arylhydrazones to Cs fullerene
was carried out using the metal complex catalyst Pd(acac),-PPh;-AlEt;. It is shown that the use of the
catalyst Pd(acac),-PPh;-AlEt; in a ratio of 1: 4: 4 leads to the formation of exclusively methanofullerenes
with yields of 40-95%. The proposed method is based on the generation of diazoalkanes in situ by
oxidation of arylhydrazones with MnO, and using catalytic amounts of the palladium complex, the
reaction is carried out at room temperature in a solution of o-dichlorobenzene.

Experimental part

The "H NMR spectrum of compounds (5) was taken on a JEOLFX90Q spectrometer (90 and 22
MHz). The analysis of addition products was carried out by HPLC on an Altex chromatograph (model
330) (USA) with a UV detector at a wavelength of 313 nm. The components of the mixture were
separated on a metal column of 250x8 mm PLgel 100 A with sorbent grains 5 mkm at room temperature.
The mobile phase is toluene, the flow rate is 0.2 ml/min. Mass spectra were obtained on a MALDI-
TOF/TOF instrument.

1-(4-(Hydrazonomethyl) phenyl) piperidine (1). To a solution of 0.2 g (0.001 mol) of 4-(piperidin-
1-yl)benzaldehyde in 10 ml of 2-propanol, 0.25 g (0.005 mol) hydrazine hydrate. The reaction mixture
was heated at 70 °C for 3-4 h. The precipitate which formed was filtered off, washed with 2-propanol and
recrystallized from 2-propanol, 0.19 g (95%) of compound (1) was obtained, m.p. 155-156 °C. Found (%):
C, 70.95; H, 8.48; N, 20.72. C1,H;7;Nj3. Calculated (%): C, 70.90; H, 8.43; N, 20.67.

4-(4-(Hydrazonomethyl)phenyl)morpholine (2) was prepared analogously to compound (1) from 1
g (0.005 mol) of 4-morpholylbenzaldehyde and 1.3 g (0.026 mol) of hydrazine hydrate. 0.83 g (81%) of
the compound (2.23) is obtained, m.p. 159-160°C. Found (%): C, 64.42; H, 7.42; N, 20.52. C;;H;sN;O.
Calculated (%): C, 64.37; H, 4.37; N, 20.47.

2-(Hydrazonomethyl) phenol (3) was prepared analogously to compound (1) from 2 g (0.0164 mol)
of salicylic aldehyde and 4.1 g (0.082 mol) of hydrazine hydrate. 1 g (45%) of the compound (3.24) was
obtained, m.p. 82°C. Found (%): C, 61.80; H, 5.97; N, 20.63. C;HgNy. Calculated (%): C, 61.75; H, 5.92;
N, 20.58.

5-Bromo-2-(hydrazonomethyl) phenol (4) was prepared analogously to compound (1) from 1 g
(0.005 mol) of 5-bromo-2-hydroxybenzaldehyde and 1.24g (0.025 mol) of hydrazine hydrate. 0.6 g (56%)
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of the compound (3.25) is obtained, m.p. 247°C. Found (%): C, 39.15; H, 3.33; N, 13.08. C;H;N,OBr.
Calculated (%): C, 39.10; H, 3.28; N, 13.03.

1-(4-(piperidine)phenyl)-1aH-1(2)a-homo(Cgy-11,)[5,6]-fullerene (5). A solution containing 0.1 ml
(0.00278 mmol) of Pd(acac), in 0.4 ml of o-dichlorobenzene and 0.2 ml (0.00556 mmol) of PPh; in 0.42
ml of o-dichlorobenzene was charged to the glass reactor. In dry argon flow at -5°C and with stirring, 0.4
ml (0.01112 mmol) of Et;Al in 0.1 ml of toluene was added, while the color from slightly yellow to
slightly brown. 10 mg (0.0139 mmol) of Ce fullerene in 2 ml of chlorobenzene were added to the
obtained catalyst at room temperature, and the solution acquired a dark green color. 8.46 mg (0.0417
mmol) of 1-(4-(hydrazonomethyl)phenyl) piperidine were added to the resulting fullerene complex in 9.4
ml of CH,Cl, and in small portions 0.2 mmol of MnO,. After 1 hour, the reaction mass was treated with an
aqueous solution of 5% HCI, 7 ml of toluene was added and the organic layer was passed through a
column with a small amount of silica gel. The reaction products and the Cgy fullerene were separated by
preparative HPLC, eluent-toluene. The product was a brown powdered substance 11.4 mg (95%).

1-(4-(Morpholyl)-phenyl)-1aH-1(2)a-homo(Cqy-11,)[5,6]fullerene(6), 1-(4-(2-hydroxyphenyl)-1aH-
1(2)a-homo(C60-Ih)[5,6] fullerene (7) and 1-(4-(5-bromo-2-hydroxy-phenyl)-1aH-1(2)a-homo(Cgy-
1,)[5,6] fullerene (8) were prepared analogously to compound (5) and are brown powders with yields of
95%, 45% and 51%, respectively.

Source of research funding. The work was carried out with the financial support of the Science
Committee and the Ministry of Education of the Republic of Kazakhstan (grant No. AP05131054).
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C ®YJUIEPEHTE THAPA3OHIAPABIH MAJLIA A
KOMILIECTEPIMEH KATAJA3AEHETIH UKJIOKOCHLTYBI

AnHoramusi. Maxkana Cgo-¢QymaepeHre Truapa3oHIapAbl KaTaIUTHKANBIK IUKIOKOCYMEH aHa MeTaHO(yIJUIepeHaep
CHHTE31HIH IpernapaTThl THIMII SAiCiH a3ipieyiHe apHanraH. KaTann3atop peringe KoMNo3unusuIbIK katanusarop Pd(acac),-PPhs-
AlEt; xonpmansuinel. Peakmumsiap MnO, KeMeriMeH colKec albAErMATEPTIH THIPA30OHAAPBIHBIH TOTHIFYBl HOTHXKECIHJE
OpBIHOACKUTFaH ANA30METaHAAPIbIH in Situ TeHepalMsUIaHybl ICIH KOJIaHy JKaFIaibIHAa KYPrizingi. AybIcHanbl MEeTanaapIbiy
KOMIIIEKCTEPIHIH KOJIAAHBUTYbIIMa30KOChUIBICTAPIbIH  (yJUIEpEHre IMKIOKOCBUTYPEaKIMAChIH JKeKe MeTaHodysuiepeHaepai
Ay OarbITTHIHKAMTaMAaChI3 eTell. AJIABIMEH H3OINpPOIIl CIIUPT OpPTAchlHIAa THAPA3MHIUAPATTHIH apThIK MeJILIepi KaThICHIHIA
OpBIH OacbuTFaH OCH3aNBACTHUATTEPMEH (CATMLMII aJblIeruAl, S-OpoMcamuiminai angerun, 4-mop¢oianmHOOCH3aIbICTUA, 4-
MUICPUIMHOCH-3aJIBICTUT)IPEKETTeCY] HOTIKECIHAE O0acTanKpl apHiITHIpa3oHAap CHHTE3l >Kyprisinmi. Jluwazoapmmansperun-
tepaiy ¢ymrepen Cg-nieH opekerTecTipy peakusacsia KTCX apkpuis! Tekcepinin otsipsursl. Pd(acac),-PPhs-AlEt; karammsa-
TopbiH 1:4:4 KaThICBIHOAa KOJIaHy TeK KaHa MeraHo-¢yiuiepeHnaepiaid 40-95% mbIFBIMMEH Ty3UIyiHe OKeJeTiHIKepCeTuUIal.
Anbiaran  MeTHOGYIIEpeHAepaiH KypbubiMbl SIMP'HCIeKTpO-CKONMMAMEH, KypaMbl MEH TA3aNBIFBI MACC-CIICKTPOMETPHS
MALDI-TOF »xane XXTCX anicrepimen pactanran.MetanodyuiepeHHIH Ty3UTyiHIH MEXaHU3MI TaIKbIHBLUIA IbI.

Tyitin ce3gep: Coo-dyiuiepeH, apoMaTTHIK aNbIETHATED, TUa30apuiIanbie-TUATEpP, HUKIOKOChUTy, KaTtanu3aTop Pd(acac),-
PPh;-AlEt;.
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KATAIM3UPYEMOE KOMIIVIEKCAMHU
HNAJUVTAAUANUKJIONPUCOEAMHEHUE THAPA3OHOB K ®YJIJIEPEHY Cqg

AnHotammsi. CraThsi NOCBAIIEHAa pa3pabOTKe MpenapaTHBHO yMOOHOro crocoba CHHTE3a HOBBIX METaHO(YIUICPEHOB
KaTATUTHYECKUM LIMKIIO TIPUCOCANHEHNUEM THAPa3oHOB K QyiiepeHyCqo. B KauecTBe KaTanusaropa UCHOJIb30BANIACH KOMIO3HULHS
Pd(acac),-PPh;-AlEt;. Peakuuym mpoBOOWINCE B YCIOBUSAX T'€HEPHPOBAHUS 3aMEIICHHBIX JHA30METAHOBINSifU OKUCICHUEM
THIPa30HOB COOTBETCTBYIONIMX albJICTHIOB ¢ momompio MnO,. Mcnons3oBaHne KOMIUICKCOB MEPEXOMHBIX METAIOB B 3TON
PEaKINHU TTO3BOJISICT HAIIPABUTh LUKJIONPUCOESIHHEHUEIHA30COeANHEHHH K (yJUIepeHaM B CTOPOHY IOJIyUYEHHS WHUBUITYaTbHBIX
MeTaHO(dyIUIepeHOB. BHavane ocylecTBIeH CHHTE3 MCXOIHBIXapHITHIPa30HOB B3aNMO-ICHCTBHEM 3aMEIICHHBIX OSH3albaeru-
OB (CalMIMIOBBIH aJbeTul, S5-OpOMCaIMIMIOBBIA anbaerus, 4-MopQoNnHO-OeH3aIbIeTH I, 4-IHIepHIMHOCH3aIbICTH) C
U30BITKOM THIPA3UHTUAPATA B CPEJIe H30MPOIMMIOBOrO CIIMPTA. Peakiyio B3aUMOACHCTBUS ANa30apUiIaIbAeriuIoB ¢ (GyuiepeHoM
Cgo koHTpOsHpoBasn Merogom BDXKX. Ilokas3ano, 4o ucmonb-30BaHue Karanusatopa Pd(acac),-PPh;-AlEt; B cooTHOmeHnu
1:4:4 mpuBOAWT K 00pPa30BAHUIO MCKIIOUHTEIBHO MeTaHO-(yiepeHoB ¢ Beixomamu 40-95%. CocTaB M 4MCTOTa MOMYYEHHBIX
MeTaHO(YIIepPEHOB TTONTBEPK/ICHBI JAHHBIME Macc-criektpoMerpit MALDI-TOF n BOXKX, a crpoenne - merogom SIMP'H-
cnektpockonun. O6cyxkaaeTcs MeXxaHn3M o0pa3oBaHUs METaHO(YIUICpEeHA.

KnioueBble cinoBa: Cgp-yurepeH, apoMaTHuecKue aabIerHIbl, IMa30apiiIaibIeT b, IUKIONPHCOSANHEHHE, KaTaIn3aTop
Pd(acac),-PPh;-AlEt;.
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PROMISINGDIRECTIONSOFREDUCING
SPECIFIC ENERGY COSTSIN GRINDING

Abstract. The grinding process is widely used in various technologies and is characterized by high energy
consumption. Besides, there is anirretrievable loss of high-quality steel due to the wear of the working elements of
grinders.

High energy costs occur not only due to the large volumes of processed materials, but also due to the extremely
low efficiency of grinding machines, especially mills, the efficiency coefficientof which is at best several percents.
Especially sharply the efficiency coefficientisreducing and the mills’drive capacityisincreasingwith an increase in the
milling fineness of the material.

Despite the new methods of grinding: electro-hydraulic, ultrasonic, gravitational, light beam grinding, etc., in all
designs of industrial units the grinding, is carried out by mechanical methods, such as crushing, cracking, impact,
attrition, breakage or a combination of these methods.

There iscarried out the analysis of energy costs for formation of new surfaces, elastic and plastic deformations,
for formation of various kinds of defects in the crystal structure (mainly dislocations), forfriction of the material’s
particles between themselves and the walls of the grinding chamber. It is noted that a small part of the input energy is
consumed by different kinds of radiation (acoustic waves, exoelectronic emission, etc.), which always accompany
the destruction.

From the analysis carried out it follows that the lowest energy intensity of the grinding process is achieved in
grinding due to impact and slightly worse - due to crushing.When grinding by impact, the loading of the material
should be pulsed with the steepest front.The loads must be dosed, corresponding to the strength and endurance of the
defective zones.

To the working zone of the mill the starting material should be supplied in small volumes and even better piece
by piece, and after grinding - quickly removed from the milling zone to the classifier. Therefore, any mill should
operate in a closed cycle.

The classifier must be of highefficiency, so that to the finished product there came the particles of only smaller
than the near-mesh grain, and the large fraction,returned to re-milling, contained as few particles of the finished
product as possible.

Keywords: grinders, mills, energy costs, milling fineness, crushing, cracking, attrition, breakage, impact,
classifier, closed cycle.

Introduction.Intensification of technological processes with reducing the energy costs for their
implementation is an urgent task of modern production. One of the main ways to solve this problem is the
creation and implementation of new high-performance machines and devices with low energy
consumption.

The problem of reducing energy costs and increasing the efficiency is particularly acute in carrying
out the grinding process. This process is widely used in various technologies and is characterized by high
energy consumption, while the equipment for its implementation is cumbersome and has low efficiency.

Large energy consumption in the process of grinding is confirmed by the fact that about 5+10% of

the world's electricity is spent on this process [1,p.8; 2, p. 6], and even more, according to the statistical
data on the United Statesmining industry [3, 4]. Besides, the irretrievable losses of high-quality steel due
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to wear of the working elements of grindersare about 4 million tons per year. The mills’drive capacity in
fine grinding of cement production, mining and other industries reaches up to 25MW [5, 6]. The size of
mills at present has reached the limit of an economically viable size.

High energy costs occur not only due to the large volumes of processed materials, but also due to the
extremely low efficiency of grinding machines, especially mills, the efficiency coefficientof which is at
best several percents. Especially sharply the efficiency coefficientisreducing and the mills’drive
capacityisincreasingwith an increase in the milling fineness of the material.

At the same time, by the studies of recent years, there has been revealed quite a number of
mechanochemical phenomena, which are observed in fine and ultrafine grinding [7, p. 21-24]. For
example, with the increase in the cementmilling fineness,thereincreases the rate of its setting and there
sharply increases the strength of the agglomerate. Rocks, such as granite, schoeniteandothers, acquire
cementingpropertiesin  this grinding. With the increase in the milling fineness of some
substances,thereincreases not only the rate, but also the degree of their dissolution. Some pigments,
depending on the milling fineness, change their color. With fine grinding of ores, the process of extracting
minerals is very fast, with high completeness of their extraction.In a number of works [7, p. 22] there is
noted the possibility of direct metal recovery by a mechanochemical method. This is not at all a complete
list of phenomena, on the basis of which it is possible to create new high-performance technologies.
However, economically it is possible only on the condition of considerable reduction of costs for grinding
of the materials.

The research methodology is to carry out the analysis of the main energy consumption items in
grinding and to develop the recommendations onrational organization of the grinding technology with
optimal process conditions.

Research results. In all designs of industrial unitsthe grinding is carried out by mechanical methods,
such as crushing, cracking, impact, attrition, breakage or a combination of these methods.

In addition to mechanical methods, recently there have been proposed new methods of grinding:
electrohydraulic, ultrasonic, gravitational, grinding with a light beam, obtained by means of a quantum
generator, cavitational, grinding by rapidly changing high and low temperatures, grinding by a compressed
gaseous mediumenergy, radiative and electromagnetic softening and others.However, the new methods
have not yet come beyond the laboratory studies, and in the nearestfuture, the main units will remain mills,
in which the grinding of the material is carried out by mechanical methods[2,p.8]. Hence, to reduce the
energy consumption and to improve the efficiency of the grinding process, it is necessary to further
improve the existing grinding units and create the fundamentally new designs.

Let’s consider the main possible energy consumption items in grinding.

When grinding,theenergy is spent not only on the formation of new surfaces, but also on the elastic
and plastic deformations, on the formation of various kinds of defects in the crystal structure (mainly
dislocations), on the friction of material particles between themselves and the walls of the grinding
chamber. A small part of the input energy is consumed by different kinds of radiation (acoustic waves,
exoelectronic emission, etc.), which always accompany the destruction[2, p.153]. The value of each of the
energy loss factors is not a constant value and varies quite sharply, depending on the nature of the material
being destructed, the scale factor and the organization of the grinding process in each specific unit.
Letusconsiderinmoredetaileachoftheaboveitems.

With the destruction of a piece of material, the new surfaces appear, with the layer of molecules of
these surfaces acquiring the excess energy, the so-called "surface energy of the body." This energy must
be transferred to the body from the outside. The amount of surface energy, depending on the formed
surface, is determined by the following dependence [8]:

A= A,AS ()

whereA — the work, spent on the increment AS of the surface; 4,, — the work, spent on the formation of a
unit of a new surface.

Theoretical calculations and experimental studies, conducted by many researchers,lead to paradoxical
conclusions that the real strength of most minerals is two or three orders of magnitude less than the
theoretical strength, while the real energy intensity of the destruction of these minerals is three or more
orders of magnitude more than the theoretical energy intensity of the formation of a new surface [2, p. 34].
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The differences between the theoretical strength of solids and the real one were explained by the
works of A. Griffiths and A. loffe [9, p. 45-53; 10, p. 145-163]. According to the theory of Griffiths,
strength is determined not by regular properties of the solid, but by defects, "inhabiting" it, primarily
cracks.Based on this theory, he was the first to formulate an energy strength criterion, according to which
a crack in a stressed body with fixed boundaries begins to develop at the moment, when it becomes
energetically "profitable"tothe body, namely, when the reduction of the deformation energy of the whole
body, which occurred as a result of the crack opening, exceeds the energy of the surface, formed during
this opening.

Later on, the results of a series of original studies werepublishedby other scientists, having explained
the nature of plastic deformation as a result of kinetic processes, occurring at the atomic level, which are
associated with a discrete model of matterstructure. The defects, in this case, are in the atomic structure of
the substance itself, for example, vacancies, dislocations, disclinations in crystals [11, p. 140-146; 12, p.
104- 114].

The material destruction process is to be considered as a multi-stage one and as interrelated at
different scale levels. For example, it is necessary to consider the collective effects of dislocation systems,
disclinations, further cracks, etc. Thus, in [13, 8] in general, the whole process of destruction is proposed
to be divided into the following stages: preparatory, embryonic cracks, microcracks, macrocracks, the
growth of main cracks. In certain cases, some stages may be missing.

The essential influence on energy costs in grinding is also made by the method of loading pieces of
material. Thus, during compression, the elastic deformations in the milled body occur due to its loading in
quasi-static or dynamic modes. In this case, the entire volume of the body is subjected to loading. At the
same time, it is known that compression is far from being a rational method of destruction, and finally, the
destruction occurs in those points of the body, where the tensile stresses are createdabove the critical
ones.The entire volume of the piece is subjected to loading, and the work of external forces by the time of
destruction becomes close to the value, when it is possible to destroy the whole sample into separate tiny
particles, but the destruction occurs only on separate planes with a weakened bond.Therefore, the rest of
the energy of elastic deformation, accumulated in the body, will pass into heat, that is, will be irretrievably
lost. To reduce the energy consumption for elastic deformations, it would be very promising to carry out
the local limit loading of the initial piece in the place of destruction.In this case, in the body the stress
gradient will be observed, due to which the energy selectivity of destructionwillbeincreasing. Pilot studies
of this method are being carried out in Russia under the leadership of Yu. D. Krasnikovfor the purpose of
organizing the destruction of rocks with lower energy costs [14].

Some researchers [15, pp. 68—71] prove that under high speed impact loading, the compression force
occurs in a certain section so fast that the crack is formed before the equilibrium distribution of
energyissetinthe particle,which is necessary for making a rupture. The experimental studies on impact
destruction of glass balls, given in [16, p. 1053-1060], proved that the average work of grinding by impact
is approximately 42% of the grinding work by crushing.Inpaper [17] Ye. M. Gutiyar also proves that
under dynamic loading of materials the stresses arising are twice higher than under static
loading.Apparently, this can be explained by the fact that under high-speed dynamic loading the elastic
deformation, uniform throughout the whole volume, is not yet achieved, but due to a larger stress gradient,
the destruction begins in the weakened places (sections).Itshould be noted that this position is also
theoretically proved in the classical course of resistance of materials [18 p. 516; 19].

When grinding materials by force loading, in addition to elastic deformations, the pieces will be
subjected to plastic deformations. G. S. Khodakov [1, p. 124—126] showed in his studies that even such
fragile rocks like quartzite and jaspiliteundergo plastic deformation. Thermal losses in the maximum
plastic deformation can be more than a half of the entire work of destruction for most materials.

At high loading rates of the body under grinding, the plastic deformation is localized in a relatively
small number of atomic layers, located directly in the region of formation of future fracture surfaces.
Thus, in order to reduce the costs for plastic deformation, it is also necessary to increase the speed of
loading the material with the optimally applied load.

In addition to energy losses for elastic and plastic deformations, a certain part of the energy will be
spent on the formation of new defects in the crystal structure. The main part in this process will be
occupied by the formation of dislocations. It should be noted that dislocations have a great influence on

— 34 ——




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

the strength of crystals.Under the influence of an external load, dislocations easily move, interact with
each other and with other defects, unite and come to the surface of the crystal. The very displacement of
the structure by at least one row of atoms weakens the crystal, in addition, the dislocations contribute to
the formation of embryonic cracks, developing further into cracks of destruction [20, p. 312].

For over a hundred years many researchers have been trying to identify the patterns, permitting to
quantify the energy intensity of the grinding process. The first attempt to identify the energy costs for
grinding was made by P. Rittinger. According to his hypothesis, it follows that the work, spent on
grinding, is proportional to the size of the newly formed surface in the materialunder grinding:

4, =k & @)

noe

where £ — the coefficient of proportionality.

By the supporters of this hypothesis,there were conducted numerous studies that prove the validity of
the assumption of proportionality of the grinding work to the newly formed surface. However, this
hypothesis does not take into account many factors, affecting the consumption energy and, above all, the
energy, spent on deformation of the body without destruction.

A bit later, F. Kick and V. Kirpichev [20; 21] independently from each other put forward the
hypothesis that the energy, required to obtain the similar changes in the configuration of geometrically
similar bodies of the same technological structure, is changing just like the weight or volume of these
bodies. Therefore, the work for grinding one piece of size & will be equal to:

A06 = k06 53 (3)

where k, — the coefficient of proportionality.

The experimental test has shown that the hypothesis of Kick-Kirpichevis more or less true in crushing
and completely inadequate in milling.F. Bond [20], believing that the full work should include the work of
deformation and formation of new surfaces, proposed to consider the work, spent on the piecegrinding,to
be proportional to the geometric average of the volume and surface of the piece:

A = A06 + Anoe = k552’5 (4)

For ball and rod mills, for hammer crushers and other designs of grinders in thegrinding of certain
rocks and ores, on the basis of experimental studies,there were obtained the specific values of the
proportionality coefficient &, (the so-called W-index of work according to F. Bond).The industrial tests

have shown good convergence of recommendations for calculation of energy costs in crushing and milling
by Bond’s method, which ensured its application in practical calculations.

P. A. Rebinder [20; 21] also combined the hypotheses of Rittinger and Kick-Kirpichev, considering
that the destruction occurs after deformation of the piece, and the total work of crushing is equal to the
sum of deformation work and new surfaces’formation work:

A = A06 + Anoe = k06§3 + kn0852 (5)
From the physical point of view, the formula of P. A .Rebinder is more correct, since it indicates the
multifactorial nature of the destruction process. However, to be limited to only two factors that determine
the energy intensity of the grinding process would be wrong, since in the implementation of grindingthere
are a lot of other processes, proceeding simultaneously, which can consume a significant part of
energy.Let’s consider the main ones of them. The significant power consumption in grinding is associated
with plastic deformations. Thus, in the work of G. S. Khodakov [1, p.87-89] it is shown that almost all
materials are subjected to plastic deformations, no matter how fragile they are.Thus, the analysis of the
surface layer of quartz particles after grinding shows that it has not a crystalline, but an amorphous
structure, and the thickness of this layer depends on the time and medium, in which the grinding was
performed.The calculations show that energy losses on plastic deformations are most significant at a large
specific surface area of the material to be destroyed and during a long stay in the grinding zone, i.e. in fine
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grinding.Even such a fragile material as quartzite is subjected to plastic deformation and the energy losses
for its maximum plastic deformation is about half of the entire work of destruction, and for such plastic
rocks as marble and limestone — more than 80%. Since with the existing methods of grinding the plastic
deformation occurs throughout the whole volume of the destroyed body, the volume of the plastic
deformation region of the material’s piece is proportional to the volume of this piece:

A, =k,o ©)

In addition to energy dissipation for elastic and plastic deformation, as well as energy consumption
fornew surfaces’ formation, a certain part of the energy will be accumulated by the body in the form of
energy of various newly formed defects in the crystal structure. The decisive role in this process will be
played by dislocations. The calculations, given in the literature [2, p. 34-35], show that the maximum
energy density that the body can store due to dislocation distortions of the crystal structure is of the order

Bk.c).max ~ 107 ﬂDfC/M3 (7)

The formation of crystal structure defects will occur in the entire volume of the material, hence the
energy of defects, accumulated by the material, is proportional to &, and these losses can be recorded as:

Ao = ka53 3

The most significant energy consumption (especially in ball mills) occurs due to external friction,
which is caused by resistance, arising between the particles, contacting under the action of the
compressive load, with their relative movement in the plane of contact.External friction is the result of
mechanical engagement and molecular adhesion between the surfaces and further elastic and plastic
displacement and scratching of the material out, with the subsequent destruction and restoration of
molecular bridges between the friction surfaces.Thebulk of energy costs for external friction is
not"accumulated " by the material’s particles and all the more does not go to the formation of new
surfaces, but dissipates into heat. Therefore, the larger the layer of material in the industrial apparatus and
the higher the relative speed of the friction surfaces, the higher the energy consumption for external
friction.This is confirmed by the works of German scientists of G. Rumpf’s school [22, p. 79-85], which
showed that the main energy losses in ball mills occur due to interaction of the material’s particles.

According to calculations, made by Revnivtsev, the costs for friction of one piece are proportional to
the linear size 6 of the latter in the degree of 2.5. Then the costs for friction will be:

_ 2,5
4,, =k,,0 )

To complete the physical picture of costs for grinding, it is necessary to take into account the costs,
associated with various types of radiation. First of all, these include the acoustic waves. In the general
balance of energy consumption for grinding they are small. Since radiation comes as a rule from the
surface layers of the newly formed surface, these costs can be taken into account by the following
expression:

AMS’/'! = klli?ﬂ 52 ( 1 0)

Deeming, that we have considered all the main known energy costs for grinding, the total costs will
be equal to the amount of costs for volume and plastic deformations, formation of defects, formation of a
new surface, external friction and radiation:

A = A06 + An06 + A}’UZ + A() + Amp + Ausﬂ =

=k, 0 +k, O +k O +kO + kmp52’5 +k, 0O
) : (11)
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Each of the terms of this equation reflects a certain type of energy costs for processes, taking place in
the grinder, and only the fourth term of the formula takes into account the useful work, spent on the
formation of new surfaces. The percentage of each of the members of series (11) is not a constant value
and will vary for different cases, depending on the nature of the material to be destructed, its size, the
grinder’s design and geometrical parameters.

The analysis of published works shows that in fine grinding of materials in the industrial designs of
mills the value of useful costs, determined by the second member of the formula, does not exceed 3
percent of the total energy costs.

Of course, for further development of the grinding technology, it is necessary to develop successfully
such sciences as solid state physics, fracture mechanics, etc. As for making some new "laws" of crushing,
here the followingshould be noted. The natural heterogeneity of the materials, subjected to grinding, the
unevenness of the stress field in the volume of the loaded piece, its anisotropy, multi-scale defects plus a
variety of external factors (shape, material location, nature of movement of the machine’s working parts,
location of the crushed materialpieces, etc.) — make the problem of making the law of crushing, reflecting
all aspects of modern technologies in terms of physics of this process, firstly, super-complex due to agreat
number of parameters, and secondly, useless, because even in the hypothetical case, to use the record of a
full formula of such a law would be impossible due to itsvastnesses.

In such a situation, it is quite natural that instead of the physical law for practical application there are
more acceptablesimple statistical dependencies, convenient and describing close enough the phenomena in
a certain range of each of the parameters of a certain design of agrinder.

However, the main task, facing both the theory and the practice of grinding, is to reduce the energy
consumption in the implementation of this process. For this purpose, it is necessary to create
fundamentally new, incomparably more effective methods of grinding, taking into account both the
features of the natural properties of a particular material and the specifics of its further processing.First of
all, it is necessary to work on the creation of more advanced designs of mills, in which the irretrievable
energy losses, indicated in equation (11) by the first, third, fifth and sixth members,could be reduced to a
minimum. The ways to solve this problem can be found in a detailed analysis of energy consumption
items for specific structures, currently operated in the industrial production of grinding units [23-32].

Our critical analysis of the grinding process shows that the process of fine grinding (milling) is very
energy-intensive, although the share of energy, spent on the disintegration of particles itself is very small
and is equal to several percents. This occurs primarily due to imperfection of organization of the grinding
processitself and due tolow efficiency of the equipment,applied for these purposes.

To reduce energy costs, a rational organization of the grinding process should be provided, with
optimal process conditions without excessive overgrinding with minimal effort and a high degree of
destruction in one working cycle.

The lowest energy intensity of the grinding process is achieved in grinding by impact and slightly
worse - by crushing.

When grinding by impact, the loading of the material should be pulsed with the steepest front; the
loads should be dosed, corresponding to the strength and endurance of the defective zones.

To the working zone of the mill the starting material should be supplied in small volumes and even
better piece by piece, and after grinding - quickly removed from the milling zone to the classifier.
Therefore, any mill should operate in a closed cycle.

The classifier must be of highefficiency, so that to the finished product there came the particles of
only smaller than the near-mesh grain, and the large fraction, returned forre-milling, contained as few
particles of the finished product as possible.

Conclusions.

For the process of grinding solid materials there iscarried out the analysis of energy costs for
formation of new surfaces, elastic and plastic deformations,formation of various kinds of defects in the
crystal structure, for friction of the material’s particles between themselves and the walls of the grinding
chamber, as well as for various kinds of radiation (acoustic waves, exoelectronic emission, etc.), which
always accompany the destruction.

It is noted that the lowest energy intensity of the grinding process is achieved in grinding by impact
and slightly worse -by crushing.
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The recommendations are developed for organization of the optimal implementation of the processes
of grinding and classification of solid materials.
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! Benopyccknii rocyrapcTBeHHbII TEXHONOTMYECKHiT yHIBepCHTeT, T.MuHCK, benapych;
2M.Bye3013 areiagarel OHTYCTiK Kazakcran MemiiekerTtik yHuBepcuterti, Llsimkent, Kazakcran

YCAKTAY BAPBICBIHIAFBI MEHIIIKTI
SHEPI'US IbIFBIHAAPBIH TOMEHJETYAIH KEJIEINEKTI BAFBITTAPBI

AnHoTanus. ¥ cakray MpoIleci op TYpJii TEXHOJIOTHIIAPIa KCHIHEH KOJIIAHBIC Taballbl )KOHE JKOFaphl SHEPIUs
TYTBIHYMeH epekiieneHeni. OnaH 6acka, YCaKTarbIIITHIH JKYMBIC 3JIEMEHTTEpiHIH TO3ybIHa OailJIaHBICTBI JKOFaphl
caraibl OOJIATTHIH KalTapbIMCBI3 JKOFaTyJIapbl OOIabl.

JKorappl SHepreTHKajblK INBIFBIHAAD TEK OHJIEJIETIH MaTepHalJapAblH ayKbIMIbl KeJEeMiHEH FaHa eMec,
YCaKTayIIbl MalIMHAIAPIBIH aca TOMEH THIMIUTITIMEH TYCIiHAIpiIe i, omapasly maiaans! ocep koddpunmenti ([TOK)
opi kerce OipHelne MaWbI3ABI Kypaimbl. Ocipece MaTepHaNIBIH YHTAKTHIK JKYKAIBIFBl YJIKSIOIMEH IHipMEHHIH
JKeTeTiHiH KyaTsl apTein OipaeH [1OK-i temenaeiimni.

¥YcakrayIblH jkaHA dICTepiHe KapaMacTaH: 3JIeKTPIUAPABINKAJIBIK, YIbTPaIbIObICThI, TPABUTALIMOH/IBI, )KAPBIK
coyleciMeH ycakray jKoHe T.0., OHEepKACIITIK arperaTtapiblH OapiblK KOHCTPYKLMSUIAPBIHIA YCAKTay MBDKFBLIAY,
yarTy, COKKBI, YHTaKTay, ChIHIBIPY CHSAKTHI MEXaHHKAJIBIK TOCUIIEpMEH HEMece OChl TICULAEPAl YilIecTIpyMEeH JKy3ere
achIpbLIaIbL.

Xana OerrepaiH mnaiija OoOJyblHA KETETIH SHEPrusl WIBIFBIHAAPBIHA, CEPHIMIUIIK JKOHE IUIACTHKAJIBIK
nedopManunschiHa, KPUCTAIIBI KYPBIIBIMHBIH op TYPJIi akay TypJepiHiH naina OoiyblHa (HETi3iHEH JHUCIOKauus),
YCaKTarbllll Kamepa KaObIprajapbl MeH Marepuas OeseKTepiHiH e3apa YHKeNiCiHe capanTama >KYpri3uifi.
JKeTkizineTiH SHEprusiHbIH IIamajibl Oeuiri opKalaH KupaTylapiasl CyHeMeNIeHTiH op Typii coylielieHyliepre
(aKyCTTHKAIBIK TONKBIHIAPFA, YK303JEKTPOHIBI SIMUCCHIFA) KYMCAIATHIHBI aTall KOPCETIII.

JKyprizinren capanramanaH ycakray HpOIECiHIH HEFYpIIBIM TOMEH SHEPTHs CHIMBIMIBUIBIFBI COKKHI eceOiHeH
ycakTay Ke3iHze jkoHe Oipmrama Hamap MBDKFBUIAY eceOiHeH KOJI JKeTKI3UIeTiHiH aHFapyFa Oonampl. COKKbLIayMeH
ycaKTay Ke3iHAe MaTepHalbIH XYKTeTyl IMIyJIbCThl MAKCUMAJIABI KINT aliMaKThl 00ysl KaxeT. JKykTeme akayJibl
afiMaKThIH TO3IM/IUTIrT MeH OepiKTiIiriHe colikec Meiepii 60Iybl KaKeT.

JluipMeHHIH XYMbIC aiiMaFbiHa OacTamKpl MaTepHall ILIaFblH KeJeMJe TYCyl KaKeT, JaHaian 0ojica TinTeH
’KAKChI )KOHE YCaKTaJlFaHHAH COH YHTaKTay aliMarblHaH JKbUIJIaM HIETTETUIIN KJIacCU(PUKATOPFa OHEITLTyl KaxeT.
ColikeciHIe, Ke3-KeJIreH TUIPMEH TYHBIK LKA KYMBIC )Kacaybl KaKeT.

JlaiiblH eHIMre Tek meKTec OupaiiiaH Kiui OeJiekTep TYCy YIUIiH, ajl Maiganayra KaiiTapbuiaTheiH ipi ppakums
JIabIH ©HIMHIH MYMKIHZIriHIIE a3 OeJmeriH Kypaysl YIIiH KIacCH(UKATOP KOFAPhl THIMJIUIIKKE 1e 00Tyl KaXeT.

Tyiiin ce3mep: ycakrarblmitap, AWIPMEHJIEpP, PHEPrO LIBIFBIHAAP, YHTAKTHIHKYKAIBIFBI, MBDKFBUIAY, YaTy,
Maiijanay, ChIHABIPBUTY, COKKBI, KJIACCU(HKATOP, TYHBIK UK.
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HEPCIIEKTUBHBIE HAITPABJIEHUSI CHUKEHUSA YIEJBHBIX SHEPI'O3ATPAT
TP NBMEJIBYEHUUN

AnHoTanus. IIporiecc U3MenbUCHNS HAXOAUT MIMPOKOE MPUMEHEHNE B PA3IMYHBIX TEXHOJIOTUAX U OTIIMYACTCS
BBICOKHM 3HepronoTpedienneM. Kpome Toro, mponcxoanut 06e3Bo3BpaTHAs HOTEPsl BHICOKOKAYECTBEHHON CTalU H3-
3a M3HOCA PabOYMX AIEMEHTOB U3MEIbUHUTEIICH.

Beicokne sHepreTHuyeckue 3aTpaTbhl OOBACHAIOTCA HE TOJIBKO OOJBIIMMH O0beMaMu IepepabaThiBaeMbIX
MaTepUAJIOB, HO M YpPE3BbIUAHHO HHU3KOW 3(PPEKTHBHOCTHIO HU3MENIBYAMOIINX MAIIUH, OCOOCHHO MEJIbHHII,
ko3(punment nosnesnoro aedctBusi (KII) KOTOpBIX COCTAaBIsIET B JIy4llleM CiIydae HECKOJBKO IIPOLEHTOB.
Ocobenno pesko cHmxkaercss KII/l n Bo3pacTaeT MOIIHOCTH MPHBOJA MENBHHIl C YBEJIMYCHHUEM TOHHMHBI IIOMOJIA
MaTepuana.

HecmoTtpst Ha HOBBIE CIIOCOOBI M3MENBUCHHMS: HIIEKTPOTHIPABINYECKUN, YIbTPa3ByKOBOH, IPaBUTALMOHHBIN,
U3MENBbUCHHE CBETOBBIM Jy4OM U T.A., BO BCEX KOHCTPYKIMAX HPOMBIIIJIEHHBIX arperatoB H3MeIb4eHUe
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OCYIIECTBIIICTCSl MEXaHHMYECKHMMH CIIOCO0AaMHM, TaKUMH KakK pa3[aBiIMBaHUe, pacKajblBaHHE, yAap, HCTHPaHHE,
pasiaMbIBaHHE HJIM COYETAaHUEM THX CIIOCOOOB.

[lpoBeneH aHanm3 3aTpaT SHEPrUM Ha OOpa3OBaHHE HOBBIX NOBEPXHOCTEH, HA YIPYTMEe W IUIACTHYCCKHE
nedbopManuy, Ha o00Opa3oBaHHE pa3IMYHOIO poJa Je(EeKTOB KPHUCTAIMYECKOH CTPYKTYphl (B OCHOBHOM
JUCJIOKAIMi), Ha TPEHHE YacTHL[ MaTepHaia MeXIy coOOi M CTeHKaMM M3Menbpyaromiel kamepsl. OTME4eHO, YTo
HE3HAuHUTeNbHAs YacTh ITOJBOAUMON SHEPTUM PACXOAyeTcsi HApa3JIMYHOIO POAa M3JIydeHUs (aKyCTHYECKHE BOJHBI,
9K303JIEKTPOHHYIO IMUCCHIO U T.[.), KOTOPBIE BCET/Ia COMPOBOXKIAIOT pa3pyIleHUE.

W3 mnpoBeAeHHOro aHaiaM3a CleAyeT, 4TO HauOonee HHM3Kas SHEProeMKOCTb IIPOIECca H3MENIbUCHUS
JOCTUTACTC MTPU UBMCJIBYCHUHU 3a CUHET yJapa U HECKOJILKO XYK€ 3a CUCT paS[laBﬂl/IBaHI/lﬂ.HpI/l HU3MEJIBYCHUHN yaAapOM
Harpy>keHne Marepualia JOJDKHO OBITh MMITYJICHBIM C MakKCHMaJlbHO KpyThIM (poHTOM.Harpyskm NOIKHBI OBITH
JIO3MPOBAHHBIMH COOTBETCTBYIOIIMMH NPOYHOCTH U BBIHOCIUBOCTH J€(EKTHBIX 30H.

B pabouyio 30Hy MeNbHHUIBI MCXOMHBIH MaTepHal JOJDKEH MOCTYIaTh B HEOOJBIINX 00beMax, a elie JIydlle
MOMITYYHO M TIOCJIe W3MENBYCHHS OBICTPO YIANATHCS M3 30HBI IIOMOJa B KiaccupukaTop. CremoBaTenabHO, Tro0ast
MeJIbHUIA JJOJDKHA paboTaTh B 3aMKHYTOM LIHKJIE.

Knaccudukarop momker o6manaTh BEICOKOH 3PPEKTHBHOCTHIO, YTOOBI B TOTOBBIN MPOAYKT MOTAJaTH YaCTUIIBI
TOJIBKO MEHbIIe IPaHUYHOTO 3epHA, a BO3BpallaeMas Ha JOMOJI KpyIHas (pakuus coiepkaia KaKk MOXKHO MEHBIIE
Y4aCcTHUI] TOTOBOTO MPOJYKTA.

KinloueBble c10Ba: W3MENBYMTENH, MEJBHUIBI, JHEPro3aTpaThbL,TOHMHA IIOMOJIA, pPa3laBIUBaHMUE,
packaibIBaHUe, HICTHPAHUE, pa3iaMbIBaHHE, yIap, KIACCU(PHUKATODP, 3aMKHYTBIH IIHKJI
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OBTAINING AND STABILIZATION OF NANOSULFUR

Abstract. On the basis of sodium thiosulfate in the presence of sodium sulfite and solid organic acids — citric
and oxalic - sulfur nanoparticles were synthesized. By the method of spectrophotometry, it was shown that efficient
for the synthesis of sulfur is the using of the molar ratio of [Na,S,03]/[Na,SO;] 1:0.5 and of the catalyst is oxalic
acid. Nonionic polymer polyethylene glycol (PEG) was used for stabilizing sulfur particles. By methods of light
scattering, electron and light microscopy it is shown that the stabilizing effect of the polymer is achieved at a
concentration of 10”base-mol/L, and a further increasing of the concentration of PEG leads to aggregation processes.
The size of the obtained particles is determined on the Zetasizer Nano device. It was found that in the presence of
PEG concentrations of 10~ - 10%base-mol/L, the size of sulfur particles decreases from 321.8 nm to 259.1 nm and
270.4 nm, respectively.

Key words: sulfur, nanoparticles, stabilization, polyethylene glycol.

Interaction

With the development of industry, demand for elemental sulfur as raw material for many chemical
products is continuously increasing. There are various applications of sulfur nanoparticles in nowadays,
the most important fields of applications are: in electrochemistry, sulfur nanoparticle was used to enhance
the electrochemical activity of lithium batterythrough a solution-based technique; as catalysis, for
example, elemental sulfur nanoparticles can dramatically enhance the rate of Cr(VI) reduction; in medical
sphere, using of anticancer, antibacterial properties of sulfur nanoparticles significantly increasing too.

It is known that sodium thiosulfate in an acidic medium decomposes with the release of sulfur in a
finely dispersed state. The stability of the sulfur produced depends on the initial amounts of sodium
thiosulfate and acid. According to this method, we previously synthesized colloidal sulfur particles [5]. It
is shown that the size of the obtained colloidal sulfur particles increases from 250 nm to 4500 nm in 90
hours after the beginning of the experiment with some subsequent reduction. The increase in the particle
size is justified by the aggregation of sulfur particles, and the decrease by the stabilizing action of the acid.

Aggregation of sulfur particles is a completely expected phenomenon due to its high hydrophobicity.
Meanwhile, the preservation of the dispersion sulfur particles is very important in its practical use, since
the magnitude of its adsorption on the stems and leaves of plants, tissues of living organisms will be
determined by the specific surface of the powder particles. In this regard, the aim of the study is the
synthesis and stabilization of nanosulfur.

Experimental part

Synthesis of sulfur particles was carried out according to the procedure described in [5]. We use
solutions of sodium thiosulfate and sodium sulfite with a concentration of 0.001 mol / L. The use of such
low concentrations of starting reagents is due to the fact that the abundant formation of a sulfur precipitate
makes it difficult to measure the optical density of a sulfur suspension. Solid organic acids (SOA) were
used as a catalyst for the synthesis process: citric and oxalic.

For the synthesis on solid substrates glass and polyethylene plateswere used, which were washed in
distilled water and ethyl alcohol before using. Then the starting solutions of sodium thiosulfate and
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sodium sulfite (0.5 ml each) were mixed on the surface of the substrates, after 60 minutes the substrate
with the resulting sulfurwas washed with distilled water and air-dried.

To stabilize the synthesized sulfur in the solution volume, a solution of polyethylene glycol (PEG)
was introduced into the reaction mixture. The polymer solution was mixed with a solution of thiosulfate,
then a sulfite solution and solid acid crystals were added to the resulting mixture.

Results and discussion

The process of sulfur formation is accompanied by turbidity of the reaction mixture, so the most
convenient method for studying this process is spectrophotometry. Table 1 presents data on sulfur
synthesis using various molar ratios [Na,S,0;]/[Na,SO;] and two solid organic acids: citric and oxalic. As
can be seen from the table, the use of different ratios of the initial reagents causes significant differences
in the optical density of these systems: at [Na,S,03]/[Na,SOs] equal to 1: 1, the optical density of the
mixture is in the range 0.08-0.12. When switching to a system with the ratio [Na,S,05]/[Na,SO;] equal to
1: 0.5, the optical density increases significantly, so the initial reagents were used in the ratio 1: 0.5. In
addition, the data in Table 1 show that when usingoxalic acid as the catalyst for the reaction, the optical
density of the system is higher than in the presence of citric acid.

Tablel - Ratio of reagents for obtaining nanoparticles of sulfur

No Ratio Mass of citric acid, g Mass of oxalic acid, g D
of exp [Na,S,03]/ [Na,SOs]

1 1:1 0,2 - 0,08

2 1:1 - 0,2 0,12

3 1:0,5 0,2 - 0,36

4 1:0,5 - 0,2 0,40

The advantage of using solid organic acids for sulfur synthesis indicates the possibility of intensifying
the synthesis process by using solid substrates of various types. The results of experiments on the use of
plates of glass and polyethylene as substrates are shown in Fig. 1.

£ g c :
Figure 1 - Preparation of sulfur particles on the surface of glass (a) and polyethylene (b, c)
in the presence of oxalic (a, ¢) and citric (b) acids. Magnification: x1000
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As can be seen from Fig. 1a, on the surface of the glass the sulfur particles are in the form of large
aggregates. On the surface of the polymer material (Fig. 1b, c), the sulfur particles are distributed more
evenly. This difference in the distribution of sulfur particles on polymeric and inorganic materials can be
explained by the high affinity of hydrophobic sulfur to the polyethylene substrate. At the same time,
attention is drawn to the formation of an openwork mesh on the polymer when citric acid is used as a
catalyst. This probably can also be due to the different hydrophobicity of the SOA molecules: citric acid is
a tribasic acid, and oxalic is a dibasic acid.

Therefore, a more hydrophobic oxalic acid contributes to a more even distribution of sulfur particles
on the non-polar surface. Nevertheless, the absence of separate sulfur particles on the light microscopy
data indicates that the process of their aggravation has proceeded, which is a consequence of the high
hydrophobicity of the sulfur particles.

Various high- and low-molecular surfactants can be used to stabilize and modify sulfur particles [6-8].
The use of a high molecular weight compound - polyethylene glycol (PEG) as a stabilizer can be very
effective, since the -OH groups of the polymer can provide a high degree of lyophilization to the treated
sulfur particles. The use of the PEG solution in the concentration range 10°-107 base-mol /L (Figure 2)
showed that the polymer exerts a significant stabilizing effect on the system. If in the absence of PEG in
the reaction mixture a monotonic increase in the optical density is observed with time, then in the presence
of PEG, the optical density growth stops after 4-5 minutes after mixing the initial reagents, sodium
thiosulfate,and sodium sulfite. In this case, the optical density of the mixture (D) in the presence of a PEG
concentration of 10~ base-mol /L is much higher than when using a lower-concentration PEG solution -
10base-mol / L, and increasing the concentration from 102 to 1072, the base-mole / L does not show any
difference in the D values, which may be due to the achievement in the case of PEG use of a concentration
of 10”base-mole / L of the amount of polymer necessary to protect the sulfur particles from aggregation.

550

500
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Figure 2 - The change in the optical density of the sulfur suspension in time in the absence (1) and the presence of PEG
concentrations of 10~°base-mol/L(2); 10~ base-mol/L (3) and 107 base-mol/L (4)

The method of dynamic light scattering determines the size of the obtained sulfur particles. The
particle size distribution of the sulfur obtained in the absence and presence of PEG (Figure 3) shows that
the most probable particle size of sulfur without the addition of a stabilizer is 321.8 nm. Introduction to the
PEG system of concentration 10~ base-mol/Lleads to a reduction in particle size to 259.1 nm. In the case
of PEG, a concentration of 107 base.mole / L, the average particle size is 270.4 nm. Another difference in
the distribution curves in the absence and presence of PEG is the height and width of the peaks. If the
scattering intensity for sulfur particles in the absence of a stabilizer was 36%, then in the presence of a
polymer it rises to 48% and 41% in solutions with a PEG concentration of 10~ and 10~ base-mol/L,
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respectively. In addition, the width of the peaks here is much less than in the case of an unstabilized sulfur
suspension, that is, in these mixtures, the particles are predominantly close in size to each other. From
these data, it follows that at a PEG concentration of 10-3 base-mol/L, a significant stabilizing effect is
achieved in the system. A further increase in the concentration of the polymer can cause the system to
become unstable due to flocculation processes as a result of hydrophobic interactions between the "loops"

and "tails" of adsorbed polymer macromolecules.
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Figure 3 - The size distribution curves of sulfur particles in the absence (a) and in the presence
of PEG concentrations of 10~ base-mol/L(b) and 107 base-mol/L (c)
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In figure 4 shows electron microscopic images of sulfur particles obtained in the presence of various
concentrations of PEG. The smallest particles in the photographs are also observed at a PEG concentration
of 10~ base-mol/L.

€

Figure 4 - Electron microscopic images of sulfur particles obtained in the absence of (a, b) and in the presence of PEG
concentrations of 10 base-mol/L (c); 10-4 mol /1 (d); 10~ base-mol/L (e) and 10 base-mol/L (f)

The electron microscopy data also confirm the assumption of the protective effect of PEG (Figure 4).
As can be seen from Fig. 4, the introduction of a solution of PEG into the reaction mixture decrease
particle size of sulfur. The stabilizing effect of a nonionic polymer-PEGmay be due to adsorption of
macromolecules by non-polar regions on the surface of sulfur particles. In this case, the polar functional
groups of the polymer will be turned into a solution, imparting hydrophilicity to the sulfur particles.
However, one should take into account the need to select a sufficient polymer concentration for the
stabilization of dispersed particles. The lack of polymer cannot provide complete protection of particles
from sticking, and excess leads to aggregation. At the same time, it should be noted that, in order to
intensify the stabilization processes, it is probably necessary to study the kinetics of the process.

Conclusion

On the basis of sodium thiosulfate and sodium sulfite in the presence of solid organic acids - citric
and oxalic - sulfur nanoparticles have been synthesized. Comparison of the effect of catalysts shows that
the use of oxalic acid is more effective for the synthesis of sulfur. To stabilize the sulfur nanoparticles was
used a nonionic polymer, polyethylene glycol. It is shown that the stabilizing effect of the polymer is
achieved at a concentration of 10~base-mol/L. The size of the particles obtained is determined by light
scattering. It was found that in the presence of PEG with concentrations 10~ to10™ base-mole /LI, the
particle size of sulfur decreases from 321.8 nm to 259.1 nm and 270.4 nm, respectively.
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M.K. KancemeTl, C.M. Toxi6aea!, ®.X. Ypalcaesz, B.M. Ypaﬂﬁelconl, M.M. EypKiTﬁaeBI, H.B. Baumniosa!

'on-®apabu Kasax yiTThIK yHHBepcHTeTi, KasakcTam;
*Peceit yITTHIK akaneMusicsHbIH Ci6ip GemiMinin B.C. Co60IeB aTHIHIAFb TEOTOTHS KOHE MIHHEPATOT s HHCTHTYTHI, Peceit

HAHOKYKIPTTI AJTY ) KOHE TYPAKTAHBIPY

AuHotaums. Harpuii Tnocynbdarsl Heri3inae HAaTpuil CyJIb(UTHI )KoHE KAaTThl OPTaHUKAIBIK KBILIKBUIIAP — JUMOH JKOHE
KBIMBI3ZIBIK KBIMIKBIIIAPH! - KaTBICYBIMEH KYKIPTTiH HaHoOeumekTepi cuHre3nenreH. CrekTpooTo-MeTpust daiciMeH KYKipTTi
cunresney ymriH [Na2S203]/[Na2S03] 1:0,5 monpIik apakaThHACHIH JKOHE KaTalM3aTOp PETiHAE KBIMBI3IBIK KBIIIKBLIIBIH
nalganaHyAblH THIMALTIr Kepcetinmi. KyKipTTi TypakTaHAbIpy YIUNiH MOHIBIK €MeC HOoJUMep - MoiudTHiIeHraukonb (I197)
TaHaidbHAbl. CoylieHI IMIambIpaTy, AJIEKTPOHABIK MHKPOCKONMWS JKSHE CIyJe MHKPOCKONMUSCHI 9JiCTepiMEH IOJMMEpiH
TYpaKTaHAbIpy dpekeTi oHblH 10-3 Heri3-Moub/J1 KOHIEHTPALUSICHIH/A ICKE acaThIHIBIFbI, all KOHICHTPALUSHBI OJ[aH opi YIFaUTy
arperaiusuIblK, yIepicTepre amapaTblHABIFBI KepceTinai. Zetasizer Nano KypbUIBIFBICBIHIQ aJIbIHFaH O6JIIIEKTepAiH eiieMi
anpikTanapl. Konnenrpanuscer 10-3 - 10-2 seriz-mouns/n [I9I kateichinga Kykipt Oemiekrepiniy enmemi 321,8 aM-nen 259,1 M
koHe 270,4 HM-Te eiiH TOMEH-IEHTIHAIrT KOpCeTUI .

Tyiiin ce3aep: KYKipT, HAHOOONIIEKTEP, TYPAKTAHIBIPY, TOIUITHICHT KO,

VK 544.77
MK KancameT', C.M. Tamnﬁaesal, (I).X.Ypalcaesz, B.M. Ypanﬁexosl, M.M. BypKnTﬁaeBI, H.B. BaunioBa'

'Kazaxckuit HALHOHATBHBII yHHBEpCUTET UMeHH anb-Dapadu, Kazaxcran;
*Uucruryt leonornu i Munepanornn nvenn B.C. CoGonesa CO PAH, Poccust

MNOJYYEHUME U CTABMJIN3ALINSA HAHOCEPBI

Annoramusi. Ha ocHOBe THOCYynb(aTa HaTpus B IPHCYTCTBUM CyIb(HUTA HATPUS M TBEPABIX OPraHUYECKHX KHCIOT —
JMMOHHOH U IaBeJIEeBOW - CHHTE3HMPOBAHBI HAHOYACTHIIHI Cepbl. MeTomoM CHEeKTpO()OTOMETPUH ITOKA3aHO, YTO 3(H(HEKTUBHEIM
JUISL CHHTE3a Cephbl SIBISICTCS UCIOJB30BAHUE MOJILHOTO cooTHoIIeHus [Na,S;03])/[Na,SO;] 1:0,5 u katamusatopa - IaBeseBOM
KHCIIOTBI.

Jis crabunm3anuu cephbl UCIOJIB30BAM HEHMOHHBIM monuMmep nonuadTwieHrnukons (I1917). Metogamu cBero-paccesHus,
SNMEKTPOHHOH U CBETOBOM MMKPOCKONHMH I0OKa3aHO, 4YTO CTaOMIM3UpyIollee JeHCTBHE TIOMMMepa JOCTHU-TaeTcs IpU
KOHIeHTpammn 10~ 0CHOBO-MOIB/T, a JanbHelInee yBemmueHne KoHneHTpamun 119 BeaeT K arpera-IHOHBIM mporneccam. Ha
npuGope Zetasizer Nano onpeneneH pasMep MOTydeHHBIX YaCTHIL Y CTAHOBIICHO, 9To B mprcyTeTeri 11310 konnentpammn 107 -
10" 0CHOBO-MOIB/1T pasMep yacTull cepsl ymeHbiiaercs ot 321,8 M 10 259,1 um u 270,4 HM COOTBETCTBEHHO.

KnrodeBble c10Ba: cepa, HAHOYACTHIIBI, CTAOMIIN3ALNSL, TIOJIHITHICHTJINKOIb.
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THE RMODYNAMIC ASSESSMENT OF SMELTING
OF MANGANESE AND CHROMIUM FERROALLOYS BASED
ON THE ANALYSIS OF THEIR STATE DIAGRAMS

Abstract. This paper proposes a technique for extracting thermodynamic data from state diagrams, which are
based on the modified Schroeder-Le Chatelier equation allowing to describe the lines of phase equilibria of binary
systems by mathematical expressions. We showed the possibility to apply the equation of dependence of the
Bjerrum-Guggenheim coefficient for the area of iron crystallization on the activity of iron of an ideal solution a-y for
binary systems Fe-Si, Fe-Cr, Fe-Mn, Fe-Al. The calculated partial excess entropy, enthalpy and the Gibbs energies of
mixing of the liquidus components of the said systems are proposed.

Key words: complex alloys, ferrosilicoaluminum, modified Schroeder- Le Chatelier equation, Bjerrum-
Guggenheim coefficient, partial excess enthalpy (AHF), entropy (AS®) and the Gibbs energy of mixing (G) of
liquidus component.

When smelting steel and special alloys, the ferroalloys obtained by alloying ferrosilicium and
aluminum, produced from very scarce materials such as quartzite, metal shavings, bauxite, etc., are used
as a reducing agent and a deoxidizing agent. For the first time in the world practice, a process for
obtaining complex silicon-aluminum alloys under the general name of ferrosilicoaluminum has been
developed.

When using ferrosilicoaluminum as a metal reducing agent while smelting refined grades of Mn, Cr
and Ti the question arises as to how exactly aluminum and silicon in a complex will behave themselves in
these alloys, since an alien metal (aluminum - when smelting ferromanganese and a low-carbon
ferrochrome, and silicium - when smelting ferrotitanium) is additionally introduced into the system.
Whether strong heteropolar (ionic, covalent, metallic) bonds of aluminum in the melts of Mn-Si-Fe, Si-Cr-
Fe systems, and those of silicium - in the melt of Al-Ti-Fe system will be formed. If in the corresponding
systems in the field of compositions of traditional refined ferroalloys they will experience negative
deviations from ideality and they are not inclined to form various complex associates, then there will not
be any obstacle in using a novel ferrosilicoaluminum in metallurgy as a metal reducing agent.

The state diagrams clearly reflect the nature of the interaction of components in the melt, its phase
composition and the structure of alloys under conditions of stable thermodynamic equilibrium.
Consequently, they contain all the fundamental and important data on the thermodynamic properties of
phases and components.

The analysis of the state diagrams and the developed technique of mathematical description of the
phase equilibrium line in terms of the Bjerrum-Guggenheim concept (@) showed that since this coefficient
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characterizes a degree of deviation of the energy state of a given component under equilibrium conditions
from ideality, then using it, it is possible to determine a magnitude and a sign of the exchange energy
between the components, and this deviation being the greater, the stronger the interparticle interaction
between the components is (@ > 1 is a negative deviation from ideality, ® <1, is a positive deviation from
ideality) [1-3].

The developed technique of mathematical description of the lines of phase equilibria allowed to solve
the direct Gibbs problem correctly, namely, to obtain an analytical dependence of the phase compositions
on the temperature at phase equilibria based on the laws of phase formation. It is shown that by means of
the osmotic Bjerrum-Guggenheim coefficient (®;), a real equilibrium in the system under study can be
determined in detail and its correct analytical expression be obtained [4-6].

The solution of the inverse Gibbs problem is in extracting the thermodynamic information contained
in the state diagram provided that the mathematical problem of phase equilibria is solved correctly [7].

We have solved the first stage of the Gibbs inverse problem, i.e., we have obtained the modified
Schroeder-Le Chatelier equation, allowing to describe analytically the liquidus and solidus lines. In this
connection, let us consider the way of deriving analytical expressions for the partial excess enthalpy
(AHM®) and entropy(ASF) of mixing the liquidus component in the systems with the ratio of ®= A;+ B; - a;.

The difference between the thermodynamic mixing function G for a real solution and the value of
this function for an ideal solution G l;’ at the same T and p is called an excess thermodynamic function.

Therefore,
AG? =RTlnj;. (D)

The relationship between the activity coefficient and the Bjerrum-Guggenheim coefficient is established
as follows:

AG3 " AL L/as L S
D = mi A,Ul A,Ul _ hl(al /al) —14 ln]/l /lnyl

i i - = , 2)
AGﬁ,i A,ui’Lid —A,ufid In(x[/x?) Inx | /Inx}
where A Gi:L is the Gibbs energy of melting of the component relates to its ideal component A Giflfi =

RTInX| - RTInX} .

Let us express the coefficient of activity in terms of the Bjerrum-Guggenheim osmotic coefficient.
In the physicochemical literature, this coefficient is called an osmotic coefficient [8] and it establishes a
relationship between the activity and concentration of the component in the solution, which substantially
differs from the analogous relationship between the activity coefficient and concentration:

In a; = (Dill’l Xj.

Since we are considering the variation of the quantity F; along the line of phase equilibria, hence, it
depends on the temperature and on the composition of equilibrium phases. At the same time, as can be
seen from expression (2), this quantity is a dimensionless quantity. Its identity with a well-known osmosis
is shown below.

The thermodynamic classification of solutions is based on the nature of the equations for the chemical
potentials of the solution components. In an ideal solution, the following expression is true for each
component:

14 (T,P,X) = u’(T,P)+ RTInX , (3)

—— 48 ——
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where g - is a standard chemical potential of an i-th substance in a standard state; X; - is the molar

concentration of the i-component in the solution; member RTInX; - corresponds to a change of the
chemical potential due to the mixing (when forming an ideal solution).

By analogy with equation (3), the dependence of chemical potentials of a nonideal solution on the
concentration can be written [7] in the form of:

H; (Ta P’ X) = /uio (T’ P) +RTIn Vi Xi’ (4)

where vy; is an activity coefficient.
The general condition of ideality is that for an ideal solution throughout the entire concentration range
the following condition is satisfied:

'Yi(T,P,Xl,..., Xk-l) =1 (1 = 1,2,..., k)

An advantage of using the coefficient of activity is that it allows to preserve a formal similarity of the
expressions for the thermodynamic properties of real solutions with the equations for nonideal solutions.
The activity coefficient of a solvent in contrast to the activity coefficients of the dissolved components
from purely arithmetic considerations is not the most suitable function for measuring deviations from
ideality. Therefore, instead of the activity coefficient for the solvent, it is more convenient to use another
correction factor called the osmotic coefficient of Bjerrum-Guggenheim [9, 10], which is introduced in the
following way:

1, (T,P,X) = ) (T,P) + ®,-RT-InX,, )

where @ is the osmotic coefficient of Bjerrum and Guggenheim of a solvent ® — 1 at X;—1 and X, ...
— 0.
Comparing the expression In a; = ®;ln x; with equation (5), we will find that

Iny, Ina,
=——o ®= .
InX. InX,

1

D-1

(6)

Therefore, the activity coefficient can be expressed as follows:
1Ilji = (CD - 1) Inx;.

To calculate the partial excess thermodynamic mixing functions of the liquidus component we have
the initial data:

@ = A+ B; - aj; (7)
[AHmi 1 1 ] g
a. =¢ex —| ———];
’ P R \T,, T ®)
AH .
Iy =oim | L1}, ©)
R-@ T, T)
dAGE
G =—-ASF AGE = AHF™) _TASE. (10)
dT 1 1 1 1
x,p
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When differentiating function AGf with respect to T at x = const

(AGF)=-AST = [RT(®; - 1) Inx] = R- Inx(®; — 1 + T - @) =

Hmi 1
Rinx(®;— 1+ T - B; - a; - ) (11)
R T
E A H m,i
ASl. =-Rlnx(CDifl +B; g —’); (12)
RT
AHFM =_B; - a; - AHy; - Inx;. (13)
For Fe-Mn, Fe-Cr, Fe-Si, Fe-Al systems under consideration we assumed the following
thermodynamic characteristics of iron: AHey, re= 15190.384 J/mole, T, re= 1811 K [11].
Calculation of excess thermodynamic mixing functions in Mn-based systems.
The initial data are taken from [12] and presented in Table 1.
Table 1 - Input parameters for calculating thermodynamic data in Fe-Mn system
No.in 1y XL Lnx" @' " a® UT
sequence > op. Fe Fe Fe Fe Fe
1 1749 0.875 0 1.991 -0.136 1 5.534
2 1723 0.821 5.1512E-05 2.502 -0.153 0.992 5.577
3 1698 0.755 8.2152E-05 2.869 -0.165 0.986 5.608
4 1673 0.686 0.00010884 3.239 -0.178 0.98 5.64
5 1648 0.617 0.00013234 3.611 -0.190 0.975 5.672
6 1623 0.542 0.00015321 3.984 -0.203 0.969 5.704
7 1598 0.469 0.0001719 4.36 -0.215 0.963 5.737
8 1573 0.401 0.00018877 4.738 -0.228 0.957 5.770
9 1548 0.325 0.00020408 5.118 -0.241 0.951 5.803
10 1523 0.232 0.00021807 5.5 -0.254 0.946 5.837

Equation ®@" for y-Fe: ®"p.=-2.33+2.194-3a;

The thermodynamic characteristics of iron in Fe-Mn melt calculated by
presented in Table 2 and in figure 1.

Table 2 - Calculated thermodynamic data of y-Fe in Fe-Mn melt

equations (11-13) are

No. in | T,K AH kJ/g-at. AS kJ/g-at-K AG kJ/mole
sequence

1 1749 0 0 0

2 1723 -0.0017 467.954159 -0.07555
3 1698 -0.0027 797.632826 -0.13165
4 1673 -0.00356 1123.464 -0.18956
5 1648 -0.0043 1445.416054 -0.24934
6 1623 -0.00495 1763.457148 -0.31102
7 1598 -0.00552 2077.555229 -0.37464
8 1573 -0.00603 2387.678037 -0.44026
9 1548 -0.00647 2693.793106 -0.50791
10 1523 -0.00688 2995.867768 -0.57764
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Figure 1 - Partial excess entropy, enthalpy and the Gibbs energy of mixing of the liquidus components in Fe-Mn system

Calculation of excess thermodynamic mixing functions in Cr-based systems

The initial data are taken from [12] and presented in Table 3.
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Table 3 - Input parameters for calculating thermodynamic
data in Fe-Cr system

i‘;m;g TK Xo're | LnXy, oy, D", bt 1T

1 1812 1 0 0.154 0.104 1 5.518764
2 1803 0.983 -5.4526E-05 0.145415 0.092303 0.99498 5.546312
3 1793 0.959 -0.00013484 0.135827 0.079238 0.989372 5.577245
4 1783 0.935 -0.00024809 0.126186 0.066101 0.983734 5.608525
5 1773 0.905 -0.00041931 0.116492 0.052893 0.978065 5.640158
6 1763 0.88 -0.00070744 0.106745 0.039612 0.972365 5.67215
7 1753 0.855 -0.00129236 0.096944 0.026258 0.966634 5.704507
8 1743 0.825 -0.00311079 0.08709 0.012831 0.960872 5.737235

The crystallization area of a-Fe is described by the equation: ®"g.=-2.226+2.33-a;
The thermodynamic characteristics of iron in Fe-Cr melt calculated by equations (11-13) are
presented in Fig. 2 and Table 4.
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Figure 2 - Partial excess entropy, enthalpy and the Gibbs energy of mixing of the liquidus components in Fe-Cr system
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Table 4 - Calculated thermodynamic data of a-Fe in Fe-Cr melt

No. Tk AH k)/gat. AS kl/g-atK AG kJ/mole
sequence

1 1312 0 0 0

2 1803 0.00192 319.5202762 20.03789

3 1793 0.004722 670.7393355 20.08159

1 1783 0.008638 1017.922868 20.12702

5 1773 0.014515 1361.037675 20.17422

6 1763 0.024346 1700.050331 022322

7 1753 0.044214 2034.927181 20.27408

8 1743 0.105791 2365.63435 20.32683

Calculation of excess thermodynamic mixing functions in Si-based systems

The initial data are taken from [12] and presented in Table 5.

Table 5 - Input parameters for calculating thermodynamic

data in Fe-Si system

docnence | T A P oy, o', bt 1T

1 2 3 4 5 6 7 8

2 1811 1 0 1.151 0.39 1 5.552
3 1773 0.955 -3.80722E-05 1.345 0.420 0.984 5.640
4 1733 091 -8.75179E-05 1.624 0.454 0.961 5.770
5 1693 0.87 -0.00013 1.913 0.489 0.937 5.906
6 1653 0.835 -0.00017 2.218 0.525 0.913 6.049
7 1613 0.805 -0.00021 2.514 0.561 0.888 6.199
8 1573 0.775 -0.00024 2.826 0.598 0.863 6.357
9 1533 0.748 -0.00027 3.174 0.633 0.837 6.523
10 1493 0.705 -0.00032 3.841 0.644 0.811 6.697
11 1485 0.69 -0.00033 4.012 0.647 0.804 6.743

The crystallization area of a-Fe is described by the equation:
D", =1.8685+1.4711-a;
and that for the area of the ordered phase a,-Fe by
D" =0.98655+0.4216-3;

The thermodynamic characteristics of iron in Fe-Si melt calculated by equations (11-13) are presented
in Table 6 and in Fig. 3.

Table 6 - Calculated thermodynamic data of o and o, -Fe in Fe- Si melt

No. in | T,K AH kJ/g-at. AS kJ/g-at-K AG klJ/mole
sequence

1 1811 0 0 0

2 1773 -0.000837 -624.71 -0.077
3 1733 -0.00187 -1481.49 -0.180
4 1693 -0.00276 -2295.06 -0.275
5 1653 -0.00352 -3064.01 -0.359
6 1613 -0.00418 -3786.88 -0.432
7 1573 -0.00473 -4462.19 -0.492
8 1533 -0.0015 -1458.67 -0.541
9 1493 -0.00168 -1623.72 -0.619
10 1485 -0.00173 -1662.67 -0.638
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Figure 3 - Partial excess entropy, enthalpy and the Gibbs energy
of mixing of the liquidus components in Fe-Si system

Calculation of excess thermodynamic mixing functions in Al-based systems

The initial data are taken from [4] and presented in Table 7.
The crystallization area of a-Fe is described by the equation:

D", =0.3989+0.0495-a;,
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Table 7 - Input parameters for calculating thermodynamic data in Fe-Al system

No.

in

sequence T,K X "opt ke LnX" D', D", a're UT

1 1811 1.0 0 0.7033 -0.3494 1 5.534
2 1773 0.808 -4.3E-05 0.764 -0.350 0.980 5.640
3 1733 0.684 -9.7E-05 0.837 -0.351 0.957 5.77
4 1693 0.608 -0.00015 0911 -0.352 0.934 5.906
5 1653 0.551 -0.00021 0.987 -0.353 0.910 6.049
6 1613 0.505 -0.00027 1.065 -0.355 0.885 6.199
7 1573 0.466 -0.00034 1.116 0.435 0.860 6.357
8 1533 0.428 -0.00041 1.052 0.405 0.834 6.523
9 1493 0.387 -0.00048 0.986 0.374 0.808 6.697
10 1488 0.376 -0.0005 0.969 0.367 0.803 6.723

and that for the region of the ordered phase a,-Fe is described by:

D"p.=-0.5715+1.1707-a;.

The thermodynamic characteristics of iron in Fe-Al melt calculated by equations (11-13) are
presented in Fig. 4 and table 8.
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Figure 4 - Partial excess entropy, enthalpy and the Gibbs energy of mixing of the liquidus components in Fe-Al system
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Table 8 - Calculated thermodynamic data of o and o, -Fe in Fe- Al melt

No. in | T,K AH kl/g-at. AS kl/g-at-K AG kJ/mole
sequence

1 1811 0 0 0

2 1773 3.2E-05 25.2 -0.089
3 1733 6.02E-05 53.6 -0.198
4 1693 8.85E-05 80.6 -0.314
5 1653 0.00012 106.1 -0.435
6 1613 0.00016 130.0 -0.563
7 1573 0.0002 3619.0 -0.696
8 1533 0.00565 4111.1 -0.839
9 1493 0.00653 4563.1 -0.989
10 1488 0.00674 4669.8 -1.028

Thus, by the example of Fe-Cr, Fe-Si, Fe-Al, Fe-Mn state diagrams, we illustrated the technique for
solving the inverse Gibbs problem - extraction of the thermodynamic information directly from the state
diagram.

The thermodynamic characteristics of solutions with positive and negative deviations from ideality
have been calculated. In doing so we have found that in metal systems of Fe-Cr, Fe-Si, Fe-Al impurity
elements Si and Al in the region of rich in chromium alloys exhibit positive deviations from ideality.

This fact allows to draw conclusions about the possibility of deep refining of ferrochromium from
these elements, especially aluminum, using a complex alloy of ferrosilicoaluminum (FSA), since the
above elements have extremely low solubility in the leading element (chromium) and in this respect using
of FSA as a reducing agent does not cause certain difficulties.

The work has been carried out in accordance with the agreement concluded between the Ministry of
Education and Science of the Republic of Kazakhstan and Abishev Chemical-Metallurgical Institute under
the grant of IRN AR05130225.
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OpHEeKIeH cunarrayra MyMmKkiHmik Oepetin Llpenep-Jle-lllatense TypreHmipiireH TeHIEYi HeETi3iHOeTi KyH
JUarpaMMachlHaH TePMOIMHAMUKAIBIK AepeKTepAi Oemin merapy opicremeci yeoiapiral. Fe-Si, Fe-Cr, Fe-Mn, Fe-
Al GunapIEI XYHenepi YIIiH WAeaiabl o-y epiTIHIICIHIH TeMip OSIICeHIUTITiHeH TeMipaiH KpUCTaIAaHy OOJBICHIHA
Beeppymm-I'yrrenreiiMm k03 PUIIMEHTIHIH TOyeNAUTIK TEHACYIHIH JKapaMIBUIBIFBI KOpPCeTUIreH. ArtairaH
KyHenepaiH ecenTiK Maphuaibl MIEKTEH ThICOHTPONUSUIAPHI, SHTAIBIISIIAPB! XKOHE JTUKBUAYC KOMIOHEHTTEPIHIH
apanacysIHBIH | HOOC SHEPTHACH YCHIHBUIFaH.
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TEPMOANHAMMUYECKAS OINEHKA BBIIIJIABKH MAPT'AHIIEBBIX
N XPOMHUCTBIX ®EPPOCIIJIABOB HA OCHOBE AHAJIN3A UX TUAT'PAMM COCTOSIHUS

AnHotanusi. B pabore mpeiokeHa METOAMKA H3BJICYCHUS TEPMOAMHAMUYECKHX IaHHBIX M3 JHarpaMm
COCTOSIHHSL B OCHOBE KOTOPBIX JIeXKHUT MomudunupoBanHoe ypasHenue lllpenepa-Jle-lllatenne, mo3Bossioniee
MaTeMaTHYeCKHMMH BBIPRKCHUSAMH ONMUCHIBATh JIMHWM (Pa3oBBIX paBHOBecHH OMHApHBIX cHucTeM. I[lokasaHa
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JKelme3a OT aKTUBHOCTH JKeJie3a MACANBbHOro o~y pacTtBopa it OmHapHBIX cucteM Fe-Si, Fe-Cr, Fe-Mn, Fe-Al
[TpennoxeHsl pacdeTHbIE MapIHUaNbHBIC W30BITOUHBIE JHTPONMHU, JHTAIBIMKM M 3Heprud [ubbca cmemeHns
JIMKBHUIYCHBIX KOMIIOITHEHTOB YKa3aHHBIX CHCTEM.
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USING HERDERS FOR OIL SPILL RESPONSE IN THE SEA

Abstract. The article is devoted to the study of the capabilities, optimal conditions and efficiency of using
herders for in-situ burning of oil as an oil spill response technique in the Kazakhstan Sector of the Caspian Sea
(KSCS). The in-situ burning of spilled oil is considered as a preferred approach to fight large-scale oil spills offshore,
when the oil slick spreads over large distances under the action of wind and currents, which also results in a greater
spill area and greater spilled oil volume due to water absorption. Herders, or chemical oil-collectors, are used in the
world practice for contracting oil slicks and their thickening before oil combustion. This study was conducted to
determine the feasibility of using in the Kazakhstan sector of the Caspian Sea those herding agents that have proven
to be effective for other types of oil and other marine conditions. The herding performance, suitability and efficiency
of Siltech OP-40 and ThickSlick 6535 herders were investigated for Kashagan oil in artificial sea water with salinity
level of KSCS.

Key words: oil spill, herders, dispersants, Kashagan, Kazakhstan sector of Caspian Sea, salinity, in-situ
burning.

The Kashagan offshore oil field is located in the northern part of the Kazakhstan sector of the Caspian
Sea. The distinctive features of the Northern Caspian are low depth of 2-6 m, low salinity of about 6 %o
and ice cover in winter. Therefore, the methods for oil spills response, developed for open seas with large
depth, 33-35 %o salinity and minimum fluctuations in water temperature, require significant adaptation to
the conditions of the northern part of the Caspian Sea. The above facts necessitate additional studies to
select the most suitable methods using chemical agents for oil spill response to find the conditions that
provide the greatest positive effect.

Previously, the capability of using dispersants for the oil spills response [1,2] was investigated for
Kashagan oil and for the conditions of the northern Caspian [3,4]. Based on the results of these works, the
Ministry of Energy of the Republic of Kazakhstan approved the Method for Determination of Dispersants
for inclusion on the list of dispersants for the liquidation of oil spills in the sea and inland water bodies of
the Republic of Kazakhstan [5]. Also, the Ministry of Energy of the RK approved a list of admissible
dispersants, including 5 dispersants [6].

Chemical collectors or herders are surfactants having two ends: hydr and hydrophobic. Herders are
designed to contract the oil slick and prevent the oil spreading. The herders are applied to the water
surface adjacent to the oil slick, thereby reducing surface tension at the oil/water interface. Reduction of
the surface tension of water contributes to the tightening of the oil slick, which in turn leads to an increase
in the thickness of the stain to the values sufficiently high for ignition and further combustion of oil.

The possibilities of using herders for oil spill response have been studied since the 1970s, but were
considered from the standpoint of their use to restrain oil for subsequent mechanical collection [7,8].
Beginning in 2004, they began to explore more specifically the possibility of using them to contract oil
stains before burning oil in cold seawater, especially in ice conditions [8,9].
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The principle of the herder action is shown in Fig. 1.

e

-

A small amount of herder is Herder rapidly spreads over Herder changes the surface After oil compression, the
sprayed onto the water around ~ the water surface, forming a  properties of water - the area spots are ignited on the
the perimeter of the oil slick monolayer of the oil film is reduced windward side using the
Helitorch

Figure 1 - Effect of the herder on an oil slick [5]

In our opinion, the largest number of effective studies on chemical collectors - herders was conducted
by Jan Buist, who developed a technique for small-scale testing of herders [10-12]. Over the past period,
he carried out a number of tests to burn different types of oil in various natural and climatic conditions [6-
7], including the use of herders, which allowed him to establish their comparative characteristics. The
most effective herders, based on the results of the studies of Buist et al., are ThickSlick 6535 and Siltech
OP-40. Both these chemical collectors were included in the list of herders allowed for use by the U.S.
Environmental Protection Agency and currently, they are the most well-known in the world and
commercially available chemicals.

A brief description of these collectors is presented in the following table [8].

Table 1 - Herders for testing on Kashagan oil

. L ThickSlick 6535 Siltech OP-40
Indicators
Manufacturer Desmi Inc. Siltech Corp.
. 65% sorbitan monolaurate and 3-(polyoxyethylene)propyl-
Composition 35% 2-ethyl butanol heptamethyltrisiloxane
Density, r/em® (60F =
15.6°C 0.975 0.988
Solubilbity in water Partial miscibility Partial miscibility
pH 6.45 10.1
Kinematic viscosity, cSt 24.70 8.27
Dinamic viscosity, mPa*s 2535 837
(cP)
Freezing point -1,7°C (21,2°F) -59°C (-74,2°F)
Flash Point > 82°C (180°F) > 82°C (180°F)

In this regard, we were interested in studying the behavior of these ThickSlick 6535 and Siltech OP-
40 as herders for Kashagan oil in the water of the North Caspian.

MATERIALS AND EQUIPMENT

We used crude degassed Kashagan oil, density 0.802 g/ml, viscosity at 15°C 3.02 mPa*s.

In the initial stage of the study, weathering was carried out at 60°C. The density of oil increased to
0.803 g/ml, the viscosity under those conditions was 3.11 mPa*s.

For the second stage of the study, it was used oil stripped at a temperature of 200 °C. The density of
the oil was 0.865 g/ml, and the viscosity — 22.6 mPa*s.

The herders are known to act differently on different types of oil. Thus, to establish comparative
characteristics, the Buzachi oil with density 0.920 g/ml and viscosity 427.2 mPa*s was chosen as an
alternative variant.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

The experimental basin with an area of 1 m” was used for research. For each experiment, the pool was
tightened with a freshly washed new plastic film, fastening them with large clips over the sides of the
pool.

The tests were carried out at water temperatures of 5°C (+/- 2°C), 15°C (+/- 2°C). The water
temperature of 5°C was maintained by adding ice pieces to water as needed. The water temperature was
measured in the persistent extended tracking mode by using a thermometer.

Figure 2 - Pool for experiments with herders, on the right - a thermometer

Water for experiments with a salinity of 6%o, 12%o, 18%o was prepared by dissolving sea salt in water.

Quantitative experimental data:

- The water volume of the corresponding salinity is 20 liters;

- Oil volume - 100 ml. The exact mass of oil was measured by weighing the cylinder with oil before
and after pouring oil out of the cylinder, and calculating the difference between these two values; the exact
value of the volume was calculated from the oil density.

The herder volume was 150 pl (micropipettes were used for sampling). Just as in the case of oil, the
exact mass of the herder was determined by the difference between the total and empty micropipettes, and
the exact value of the volume was determined from the density.

EXPERIMENTAL METHOD

We put water in the pool, create the appropriate temperature, pour 100 ml of oil, let the spot spread
over the surface of the pool, add 150 pl of herder at the edges of the spot.

Results of experiments with oil weathered at 60°C

The oil produced from the Kashagan field is very light, quickly spreads over the surface of the water,
tending to the edges of the basin, making it difficult to fix the zero point. We had to repeat the experiment
several times to introduce the herder in time.

Fig. 3 shows photographs (real and black and white format) characterizing the results of experiments
on the use of two types of herders for Kashagan oil, weathered at 60°C, at a temperature of 5°C and a
salinity of 6%eo.

From Fig. 3 it can be seen that both herders act as oil collectors, since the area of oil spots decreases
in all cases. In the course of the test, it was established that the effect of the herder is independent of the
salinity of the water. The effectiveness of the action of chemical collectors in these experiments was not
very high due to low density of oil. Nevertheless, of the two types studied the OP-40 herder is more
effective. In turn, this herder showed the best result at a temperature of 15°C, because it was able to reach
the maximum thickness of the oil film.
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Herder ThickSlick, salinity 6%o, temperature 5°C, oil, weathered at 60°C

Real photo Black and white format Real photo Black and white format
0 min After 1 min
Herder OP-40, salinity 6%o, temperature 5°C, oil, weathered at 60°C

’ <«
Real photo Black and white format Real photo Bfack and white format
0 min After 1 min

Figure 3 - Images of oil spots before and after the application of two types of herders
at a temperature of 5°C and a salinity of 6%o

In Table 2 there are given the results of experiments and their processing on the application of herders
to Kashagan oil weathered at 60°C. The areas and thickness of the spots at 15°C calculated are shown.

Table 2 - Experimental and calculated data on the determination of the area and thickness
of the spot at 15°C after the application of herders to Kashagan oil weathered at 60°C

Spot

Thick Slick

1 00 min, 15°C, 6%0 TS 1088629 7625048 0,1249 1249,33 0,8004
2 01 min, 15°C, 6% TS 1246566 7349821 0,1450 1450,10 0,6896
3 05 min, 15°C, 6%0 TS 828634 7908811 0,0948 948,37 1,0544
4 30 min, 15°C, 6%0 TS 728408 7962083 0,0838 838,17 1,1931
5 60 min, 15°C, 6%0 TS 703439 7869412 0,0821 820,54 1,2187
6 90 min, 15°C, 6%0 TS 703546 7987086 0,0810 809,55 1,2353
7 120 min, 15°C, 6%o0 TS 716835 7926290 0,0829 829,37 1,2057
OP-40

1 00 min, 15°C, 6%0 OP-40 1425047 7218113 0,1649 1648,76 0,6065
2 01 min, 15°C, 6% OP-40 381624 8714547 0,0420 419,54 2,3835
3 05 min, 15°C, 6%0 OP-40 320863 8559331 0,0361 361,32 2,7676
4 30 min, 15°C, 6%0 OP-40 356232 8467190 0,0404 403,73 2,4769
5 60 min, 15°C, 6%o0 OP-40 511166 7921378 0,0606 606,18 1,6497
6 90 min, 15°C, 6% OP-40 669823 8139010 0,0760 760,40 1,3151
7 120 min, 15°C, 6%0 OP-40 669648 7973795 0,0775 774,75 1,2907

Fig. 4 presents the data characterizing the effectiveness of two herders on Kashagan oil weathered at
60 °C. It is clear that the OP-40 is a more effective herder. It is also seen that after 40 min the activity of
the OP-40 herder decreases, while the ThickSlick herder retains this feature for 2 hours.
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Figure 4 - Efficiency of herders in relation to Kashagan oil weathered at 60°C

Results of experiments with oil, stripped at 200°C

In real-life conditions, after an oil spill, a certain time passes before the response begins, during which
the light fractions can evaporate and the oil becomes more viscous. To bring the experimental data closer
to the real conditions, the oil was stripped at 200°C. The oil density increased to 0.865 g/ml, and the

viscosity increased to 22.6 mPa*s.

The results of the herder effect on the oil stripped at 200°C at 5°C are shown in Table. 3.

Table 3 - Experimental and calculated data on the determination of the area and thickness of the spot at 5°C after
the application of herders to Kashagan oil stripped at 200°C

Spot

Thick Slick

1 00 min, 5°C, 6%0 TS 4932840 2747585 0,6423 6422,61 0,1557
2 01 min, 5°C, 6%o TS 3074019 4786767 0,3911 3910,57 0,2557
3 05 min, 5°C, 6%0 TS 3085968 4956569 0,3837 3837,06 0,2606
4 10 min, 5°C, 6%o0 TS 3063227 4664084 0,3964 3964,16 0,2523
5 30 min, 5°C, 6%0 TS 3036094 4758240 0,3895 3895,26 0,2567
6 60 min, 5°C, 6%0 TS 2958613 4592571 0,3918 3918,08 0,2552
7 90 min, 5°C, 6%o TS 2959968 4901942 0,3765 3764,95 0,2656
OP-40

1 00 munyT, 5°C, 6%0 OP-40 2151907 6627301 0,2451 2451,14 0,4080
2 01 min, 5°C, 6%0 OP-40 1538319 7386747 0,1724 1723,59 0,5802
3 05 min, 5°C, 6% OP-40 1199200 7327123 0,1406 1406,47 0,7110
4 10 min, 5°C, 6%0 OP-40 1107462 7552195 0,1279 1278,88 0,7819
5 30 min, 5°C, 6%0 OP-40 1024073 7735862 0,1169 1169,04 0,8554
6 60 min, 5°C, 6%0 OP-40 1022606 7714868 0,1170 1170,37 0,8544
7 90 min, 5°C, 6%0 OP-40 1016577 7767356 0,1157 1157,31 0,8641

Fig. 5 demonstrates the data characterizing the effectiveness of herders at 5°C in relation to Kashagan
oil stripped at 200°C. The data show firstly, that the efficiency of the herders quite quickly reaches a peak
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(maximum) value; secondly, both herders retain the oil collecting ability for an hour and a half, and
thirdly, the OP-40 is more efficient than ThickSlick. In the course of this experiment, the OP-40 herder
was able to achieve a maximum thickness of the oil film of 0.85-0.86 mm.
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Figure 5 - Efficiency of herders at 5 °C in relation to Kashagan oil stripped at 200 °C

Fig. 6 shows photos describing the effect of the OP-40 herder at 15°C and a salinity of 6%o on

Kashagan oil stripped at 200°C.
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Figure 6 - Photographs and black and white images of oil spots for oil stripped at 200°C: OP-40 herder, 15°C; salinity 6%o

The results of the herder impact on the oil stripped at 200°C at 15°C are shown in Table. 4.

Table 4 - Experimental and calculated data on the determination of the area and thickness of the oil spot at 5°C after herder
application to Kashagan oil stripped at 200°C

Spot
# Test conditions Nu.mbe.r o Numbe.r i Bigt S agea > thickness,
white pixels black pixels area,% cm mm
1 2 3 4 5 6 7
Thick Slick
1 00 min, 5°C, 6%o TS 1711573 7457102 0,1867 1866,76 0,5357
2 01 min, 5°C, 6%o TS 1212779 7786793 0,1348 1347,60 0,7421
3 05 min, 5°C, 6%o TS 1227626 7965183 0,1335 1335,42 0,7488
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Ipooonscenue mabnuywt 4
1 2 3 4 5 6 7

4 10 min, 5°C, 6%o TS 1018576 8198153 0,1105 1105,14 0,9049
5 30 min, 5°C, 6%o TS 1237076 7883121 0,1356 1356,41 0,7372
6 60 min, 5°C, 6%o TS 1003368 8164454 0,1094 1094,45 0,9137
7 90 min, 5°C, 6%o TS 1013537 7097312 0,1250 1249,61 0,8003
OP-40

1 00 min, 5°C, 6%0 OP-40 1563154 7531985 0,1719 1718,67 0,5818
2 01 min, 5°C, 6%0 OP-40 369848 8534342 0,0415 415,36 2,4075
3 05 min, 5°C, 6%0 OP-40 272525 8895435 0,0297 297,26 3,3641
4 10 min, 5°C, 6% OP-40 271338 8701935 0,0302 302,38 3,3070
5 30 min, 5°C, 6%, OP-40 271229 8848742 0,0297 297,40 3,3625
6 60 min, 5°C, 6%0 OP-40 272666 8798668 0,0301 300,58 3,3269
7 90 min, 5°C, 6%0 OP-40 275081 8965908 0,0298 297,67 3,3594

Fig. 7 shows the efficiency of the herders when exposed to Kashagan oil stripped at 200°C at 15°C.
The nature of the action of the herders in time is approximately the same for both temperatures: the area of
the spot decreases and becomes stable for 1.5 - 2 hours, while the thickness of the oil spot increases.
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Figure 7 - Efficiency of herders influence at 15 °C to Kashagan oil stripped at 200 °C

With increasing temperature, both herders become more effective. Thus, for the temperature rising
from 5 to 15°C the thickness of the oil slick increased from 0.26 to 0.80 mm for Thick Slick herder and
from 0.86 to 3.36 mm for OP-40 herder. The effect of water temperature on the effectiveness of herders is
shown in Table. 5.

Table 5 - Effect of temperature on the efficiency of herders applied to stripped Kashagan oil

# Herder Herder ac'tlon time, Temperature Spot thickness,
min T
1 | ThickSlick 60 5°C 0,2552
- 15°C 0,9137
5°C 0,8544
2 OP-40 60
15°C 3,3269

To assess the impact of herders on different types of oil, experiments were conducted with oil from
the Buzachi field at 15°C. The results of calculating the efficiency are shown in the Fig. 8. As the data of

— (4 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

this figure show, the efficiency of both herders applied to Buzachi oil is higher as compared to the results
of Kashagan oil. Of the two herders, ThickSlick herder in this experiment showed a better result than the

OP-40.
4 )
T\E
@ ye
= v
E — R °
= - -
=
e
e
S
(=
[}
@)
)¢ —o—Op-Adme. minryicySlick
N J
Figure 8 - Efficiency of the herders applied to oil from the Buzachi field at 15°C
CONCLUSIONS

Thus, the following conclusions are drawn on the basis of the experimental studies :

1. ThickSlick 6535 and Siltech OP-40 herders are effective for contracting and thickening Kashagan
oil spot.

2. Herders showed the best result on Kashagan oil, stripped at 200°C: oil density increased to 0.865
g/ml.

3. Of the two herders studied the most effective is Siltech OP-40.

4. The herder’s action is independent of the salinity of the seawater.

5. The maximum effect of the herder is reached in 40 minutes. Herders retain their activity for one
hour from the time they are applied to the water surface.

6. The efficiency of herders increases with rising temperature.

7. Both herders produce higher impact on Buzachi field oil, which has higher density of 0.920 g/ml
and viscosity 427.2 mPa*s.
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HYDROTREATING OF VARIOUS PETROL FRACTIONS OVER
MODIFIED ALUMOCOBALTMOLYDBDENIC CATALYSTS

Abstract. The paper presents the results of a study of hydrotreating of various gasoline fractions (straight-run
gasoline, catalytic cracking gasoline, coking gasoline) on alumo-cobalt-molybdenum catalysts modified with
additives of zeolites ZSM-5 and HY, phosphorus and rare earth elements:CoO-MoQO3- Ce,03-P,05-Al,03-ZSM
(KGO- 1 8);COO-MOO3-L3203-P205-A1203-ZSM(KGO-ZO)I/ICOO-MOO3-C6203-P205-A1203-ZSM-HY (KGO- 1 6)

The results obtained during the hydroprocessing of various types of gasoline on the catalyst KGO-18 show that
the highest amount of isoalkanes is observed during the processing of catalytic cracking gasoline. In the catalyst
obtained on the catalyst KGO-18 at 320-380°C 40,3-48,1% of isoalkanes were found, whereas when processing
straight-run and gasoline coking, the content of isoalkanes is 34,0-39,7%and 33,9-37%. The octane number after
hydrofining of straight-run gasoline and catalytic cracking gasoline is almost the same and is 90,7 and 90,5 (RM),
respectively. In the case of coking gasoline, the octane number of fuel produced is lower than when processing other
types of gasoline — 83,1 (MM). When studying the process of hydroprocessing of various gasoline fractions over the
catalyst KGO-18, it was found that the highest degree of hydrodesulfurization is observed when processing coking
gasoline — 87,3%, straight-run gasoline — 81,3% and catalytic cracking gasoline — 75,4%.Modified zeolite-containing
alumo-cobalt-molybdenum catalysts for hydroprocessing gasoline fractions in one stage conduct hydrotreating,
hydroisomerization, hydrogenation and allow to obtain low-sulfur high-octane gasoline.

Key words: zeolite, straight run gasoline, catalytic cracking gasoline, coking gasoline, catalyst, hydrotreatment.

Introduction

Different gasoline fractions of oil contain a significant amount of linear alkanes, which are
characterized by low detonation resistance, which does not allow them to be used directly as motor
gasoline. In the world production of motor gasoline, there is a constant tendency to increase the content of
isoparaffins with high octane numbers and better ecological characteristics in comparison with aromatic
hydrocarbons, limitations on the content of aromatic hydrocarbons, especially benzene (<1%), olefins and
sulfur are provided.

To obtain high-quality motor fuels from sulphurous, paraffinic oils, the use of catalytic
hydroprocessing processes is necessary: hydrotreatment, hydroisomerization,and hydrogenation. In this
regard, the process of hydroisomerization is one of the methods for improving the performance
characteristics of light gasoline fractions.

Toughening the requirements for the quality of motor fuels leads to the need for significant changes in
available technologies for processing low-grade gasoline fractions using new high-performance catalysts.
It is very promising to create one-stage technologies that allow one-stage hydrotreating,
hydroisomerization and hydrogenation processes. Existing industrial catalysts for processing petroleum
fractions do not meet the increased requirements for the quality of motor fuels.
In this regard, the creation of new catalysts for directed single-stage hydroprocessing of oil and its
fractions in high-quality fuel will remain an urgent task now and in the near future [1-20]. In this paper,
we present the results of a study of the hydroprocessing of various gasoline fractions (straight-run
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gasoline, catalytic cracking gasoline, coking gasoline) on alumo-cobalt-molybdenum catalysts modified
with additives of zeolites ZSM-5 and HY, phosphorus and rare earth elements.

Experimental part

Zeolite-containing alumina catalysts were prepared. impregnation of a mixture of aluminum
hydroxide and zeolites with aqueous solutions of cobalt, molybdenum and modifying additives. After
molding, the catalyst was dried at 150°C and calcined at 550°C for 5 hours. Catalysts of the following
compositions were prepared: CoO-Mo0O;-Ce,03-P,05-A1,05-ZSM (KGO-18); CoO-Mo0s-La,03-P,0s5-
A1203-ZSM (KGO-ZO) and COO-MOO3-C6203-P205-A1203-ZSM-HY (KGO-16)

Synthesized modified zeolite-containing catalysts were used to study the hydroprocessing of various
types of gasoline. The process was carried out in a high-pressure flow unit with a stationary catalyst bed at
temperatures of 320-400°C, a pressure of 4,0 MPa and a space feed rate of 2h™'.The hydrocarbon
composition of the reaction products was analyzed on chromatographs "Chromatec-Crystal" and "Chrom-
5". Analysis of sulfur content in feedstock and products was carried out in LLP "Oilsert International"
(Almaty) and laboratory of physico-chemical methods of "D.V. SokolskylFCE".

Results and discussion

On the catalyst KGO-18, the process of hydroprocessing various types of gasoline was studied.
Hydrogen processing of straight-run gasoline on KGO-18 catalyst showed that in the temperature range
320-350°C, the resulting catalyst contains 39,7-38,2% of isoalkanes (Table 1). At higher temperatures, the
yield of isoalkanes decreases to 34,4% at 400°C. The amount of aromatic hydrocarbons in the catalyst
under these conditions increases from 15,2 to 24,8%, the yield of naphthenic hydrocarbons decreases from
26,1 to 24,0%.he concentration of olefinic hydrocarbons varies within the range of 4,6-7,6%. The yield of
hydro-upgraded gasoline decreases from 70,7 to 60,5% with increasing temperature from 320 to 400°C.
The octane number of hydrotreated gasoline is increased compared with the original from 78,9 to 90,7
(MM) and by the motor method from 60,9 to 71,7. The sulfur content of the catalyst decreased from
0,0080 (reference gasoline) to 0,0015% with an increase in temperature to 400°C.

Table 1 - Effect of temperature on the process of hydroprocessing of straight-run gasoline on the catalyst KGO-18

Products,% T°C
Source 320 350 380 400
gasoline
Paraffin Cs-Cs 27,3 11,4 15,1 12,5 12,2
Isoalkanes 36,8 39,7 38,2 34,0 34,4
Oleffin 4.8 7,6 5,6 5,4 4.6
Aromatichydrocarbons 9,2 15,2 18,7 20,9 24,8
Naphthenichydrocarbons 21,9 26,1 22,3 27,2 24,0
Yield of the liquid phase - 70,7 68,3 65,0 60,5
The octane number for research 78.9 82.6 84.9 88.1 90.7
method
Octane number by motor method 60,9 67,8 67,7 68,5 71,7
Massfractionofsulfur,% 0,0080 0,0049 0,0026 0,0030 0,0015
Note: P=4.0MPa, V=2.0h"

The results of a study of the hydroprocessing of catalyticcracked gasoline using the catalyst KGO-
18 showed that with an increase in temperature from 320 to 400°C, the yield of liquid catalyst varies from
80,0 to 68,5% (Table 2). When hydrolyzing catalyticcracked gasoline on the catalyst KGO-18 at 320-
350°C, the amount of isoalkanes increases from 25,4 to 42,6-48,1% in comparison with the initial one. The
content of aromatic and naphthenic hydrocarbons varies from 30.1 to 36,1%, from 7,0 to 10,4%,
respectively. The amount of olefinic hydrocarbons under these conditions drops sharply from 31,2 to 4,3-
3,3%. The octane number of the With an increase in temperature from 350 to 4000C, the content of
isoalkanes decreases to 39,9% (400°C). The yield of naphthenic and olefinic hydrocarbons under these
conditions also decreases to 6,7 and 2,9%, respectively, the amount of aromatic hydrocarbons increases to
43,1%.
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The octane number of the refined gasoline obtained at 400°C is 90,5 (RM) and 83,4 (MM). It should
be noted that in gasoline hydro-enriched on catalyst KGO-18 at 320°C, the sulfur content is 0,0110% (in
the initial 0,0134%), and at 400°C — 0,0033%, which indicates a sufficiently high hydrodesulfurizing
activity of this catalyst, produced gasoline practically does not change.

Table 2 - Effect of temperature on the process of hydroprocessing
of catalytic cracking gasoline on catalyst KGO-18

Products,% T,°C
Source gasoline 320 350 380 400

Paraffin Cs-Cg 6,3 6,9 8,2 7,3 7.4
Isoalkanes 25,4 42,6 48,1 40,3 39,9
Oleffin 31,2 4,3 3,3 3,4 2,9
Aromatichydrocarbons 30,1 36,1 30,0 40,3 43,1
Naphthenichydrocarbons 7,0 10,1 10,4 8,7 6,7
Yield of the liquid phase - 80,0 75,0 71,0 68,5
The octane number for research 88,7 87,9 88,7 90,4 90,5
method
Octane number by motor method 80,1 80,9 83,2 82,5 83,4
Massfractionofsulfur,% 0,0134 0,0110 0,0077 0,0053 0,0033
Note: P =4.0MPa, V=2.0h"

When hydrolyzing coking gasoline on the catalyst KGO-18 with an increase in temperature from 320
to 400°C, the content of isoalkanes increases from 23,6% (initial), reaching a maximum value of 39,7% at
380°C, slightly decreasing to 37,1% at 400°C. Under these conditions, the yield of aromatic hydrocarbons
increases to 18,6% (400°C). The amount of olefins in the resulting product is significantly reduced
compared to the initial (24,2%) and varies within the range of 6,5-9,0%. The octane number of the refined
gasoline obtained at 400°C is 82,6 (RM) and 66,8 (MM). The yield of liquid catalyst is 75,5-82,6%. The
sulfur content of the catalyst after hydroprocessing decreased from 0,7127 in the initial gasoline to
0,0906% (Table 3).

Table 3 - Effect of temperature on the process of hydroprocessing of coking gasoline on the catalyst KGO-18

Products,% T,°C

Source gasoline 320 350 380 400
Paraffin Cs5-C¢ 27,2 26,2 20,9 24,7 19,1
Isoalkanes 23,6 35,6 38,7 33,9 37,1
Oleffin 24,2 9,0 8,0 8,1 6,5
Aromatichydrocarbons 8,9 13,2 10,6 14,9 18,6
Naphthenichydrocarbons 16,2 16,0 21,8 18,4 18,7
Yield of the liquid phase - 82,6 78,2 76,1 75,5
The octane number for research method 84,0 80,9 80,6 81,4 82,6
Octane number by motor method 64,7 65,2 64,4 65,0 66,8
Massfractionofsulfur,% 0,7127 0,0950 0,0930 0,0908 0,0906

Note: P =4.0MPa, V=2.0h’

Analysis of the results obtained during the hydroprocessing of various types of gasoline on the
catalyst KGO-18 shows that the highest amount of isoalkanes is observed during the processing of
catalytic cracking gasoline. In the catalyst obtained at 320-380°C 40,3-48,1% of isoalkanes were found,
whereas when processing straight-run and gasoline coking, their quantity is 34,0-39,7% and 33,9-38,7%,
respectively. The octane number of gasoline after hydrofining of straight-run gasoline and catalytic
cracking gasoline is almost the same and equal to 90,7 and 90,5 (RM), respectively. In the case of coking
gasoline, the octane number of fuel produced is lower than when processing other types of gasoline — 83,1
(MM).

The results obtained by studying the process of hydroprocessing of various gasoline fractions on the
catalyst KGO-18 show that the highest degree of hydrodesulfurization is observed during the processing
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of coking gasoline and is 87,3%, whereas for straight-run gasoline and catalytic cracking gasoline this
figure is lower — 81,3 % and 75,4% respectively.

The process of hydroprocessing straight-run gasoline was also investigated on the catalysts KGO-20
and KGO-16.Comparison of the composition of the initial gasoline and the resulting products of
hydroprocessing of straight-run gasoline on the catalyst KGO-20 at 320°C shows that the content of
isoalkanes increases from 36,8 to 39,3%, aromatic hydrocarbons from 9,2 to 14,9%, olefins from 4,8 to
6.8%, and naphthenes, from 21,9 to 24,5%. At the same time, there is a decrease in the number of
paraffins from 27,3 to 14,5%. The octane number by the research method after hydrotreating the straight-
run gasoline on the catalyst KGO-20 increased: according to the research method - from 78,9 to 81,4, on
the motor - from 60,9 to 66,3. With an increase in temperature from 320 to 400°C, an insignificant
decrease in the yield of isoalkanes to 36,2% is observed.The yield of aromatic hydrocarbons is increased
to 20,1%. The content of olefins varies between 4,0-7,4%. Under these conditions, the octane number
according to the research method after hydrotreating the straight-run gasoline reaches a maximum value of
89,3 for the motor one — 73,4 (Table 4).

Studies have shown that the residual sulfur content after hydroprocessing straight-run gasoline on the
catalyst KGO-20 has decreased from 0,0080 in the initial gasoline to 0,0028% (Table 4).

Table 4 - Effect of temperature on the process of hydroprocessing of straight-run gasoline on the catalyst KGO-20.

T,°C
Products,%

Source 320 350 380 400

gasoline
Paraffin Cs-Cq 273 14,5 7,1 43 16,7
Isoalkanes 36,8 39,3 40,4 334 36,2
Oleffin 48 6,8 7,0 7,4 4.0
Aromatichydrocarbons 9,2 14,9 17,8 23,1 20,1
Naphthenichydrocarbons 21,9 24,5 27,7 31,8 23,0
Yield of the liquid phase - 77,0 49,0 44,5 55,0
The octane number for research method 78,9 81,4 84,9 88,3 89,3
Octane number by motor method 60,9 66,3 69,4 69,2 73,4
Mass fraction of sulfur,%;j 0,0080 0,0072 0,0062 0,0056 0,0028
Note: P=4.0MPa, V=2.0h"

Table 5 - Effect of temperature on the process of hydroprocessing straight-run gasoline on the catalyst KGO-16

Products,% T°C

Source gasoline | 320 350 380 400
Paraffin Cs-Cg 27,5 17,0 12,7 12,8 14,2
Isoalkanes 39,8 41,3 40,0 36,9 39,8
Oleffin 5,8 5,6 6,3 5,6 6,2
Aromatichydrocarbons 8,7 12,9 15,7 22,8 19,7
Naphthenichydrocarbons 18,2 23,2 253 21,9 20,1
Yield of the liquid phase - 77,0 67,0 65,0 60,0
The octane number for research method 79,2 84,0 86,4 85,2 87,3
Octane number by motor method 61,1 68,7 71,0 70,8 72,7
Massfractionofsulfur,% 0,0080 0,0036 0,0027 0,0023 0,0016

Note: P=4.0MPa, V=2.0h"

At P =4.0 MPa, V = 2,0 h-1, the process of hydroprocessing a straight-run gasoline fraction with a
sulfur content of 0,0080% on a catalyst KGO-16 was studied (Table 5). The yield of the liquid phase
decreases from 83.5 to 70.0% with increasing temperature from 320 to 400°C. When hydrolyzing gasoline
on KGO-16 catalyst in the temperature range 320-400°C, the maximum isoalkane content in the resulting
catalyst is observed at 320°C and is equal to 41,3%. It should be noted that the amount of isoalkanes in the
catalyst obtained after hydroprocessing depends little on the process temperature and is equal to 36,9-
41,3%, which is higher than in the original gasoline fraction. The amount of aromatic hydrocarbons rises

— 70 —
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from 8.7 to 19.7% with an increase in the process temperature to 400°C. The amount of olefins slightly
increases compared with the original from 5,8 to 6.2%. The amount of naphthenic hydrocarbons in the
resulting catalyst varies between 20,1-25,3%. The octane number of enriched gasoline increases in
comparison with the initial from 19,2 to 87,3 (IM) and from 61,1 to 72,7 (MM). The content of sulfur in
the catalyst with an increase in temperature to 400°C decreased compared with the initial from 0,0080 to
0, 0016%.

Comparison of the results obtained in the study of the process of hydroprocessing the straight-run
gasoline fraction shows that the catalysts KGO-16 and KGO-18 possess the highest hydrodesulfurizing
activity. The degree of hydrodesulfurization on the catalyst KGO-18 is 81,3%, for KGO-16 80,0%, for
KGO-2065%.

When hydrotreating straight-run gasoline (octane number 79,2) on the catalysts KGO-16, KGO-18
and KGO-20, an increase in the octane number compared with the original: 87.3; 90,7 and 89,3
respectively. This is mainly due to the increase in the content of isoalkanes in hydro-upgraded gasoline.

When hydrolyzing catalyticcracked gasoline on KGO-16 catalyst with an increase in temperature to
320-350°C, the content of isoalkanes increases from 25,4 to 47,5% (Table 6). With a further increase in
temperature, there is a decrease in the amountof isoalkanes formed to 40,3% (400°C). Under these
conditions, the amount of aromatic hydrocarbons in the produced gasoline rises from 30,1 to 35,0%.The
content of naphthenic hydrocarbons in the catalyst is small and varies between 6,1 and 8,3%. The content
of olefins in the catalyst decreases from 31,2 to 8,0%. The yield of the liquid phase with an increase in
temperature in the range 320-400°C varies in the range 95.0-100%. The octane number of catalyticcracked
gasoline enriched at 400°C is 86,1 (RM) and 79,6 (MM). When hydrotreating gasoline catalytic cracking,
the sulfur content in the final product is reduced from 0,0134% (reference gasoline) to 0,0029%.

Table 6 - Effect of temperature on the process of hydroprocessing of catalytic cracking gasoline on the catalyst KGO-16

Products,% T°C

Source gasoline | 320 350 380 400
Paraffin Cs-Cg 6,3 8,8 9,2 10,6 8,1
Isoalkanes 25,4 47,5 47,3 43,0 40,3
Oleffin 31,2 12,1 7,6 5,0 8,0
Aromatichydrocarbons 30,1 25,5 29,4 32,6 35,0
Naphthenichydrocarbons 7,0 6,1 6,6 8,1 8,3
Yield of the liquid phase - 100 97,5 95,5 95
The octane number for research method 88,7 86,2 85,2 85,4 86,1
Octane number by motor method 80,1 81,0 79,0 78,0 79,6
Massfractionofsulfur,% 0,0134 0,0048 0,0047 0,0035 0,0029

Note: P=4.0MPa, V=2.0h"

In the study of the process of hydroprocessing of catalytic cracking gasoline, it was shown that the
catalysts of KGO have a sufficiently high hydrodesulfurizing activity. The degree of hydrodesulfurization
on the catalyst KGO-18 is 75,4%, at KGO-16 — 78,4%. In the hydrotreating of catalytic cracking gasoline
(octane number 88,7 (RM), a slight decrease in the octane number to 86,1 (RM) is observed on the
catalyst KGO-16, while at the KGO-18 the octane number of the upgraded gasoline increases to 90,5
(RM).

We have previously shown that the activity of hydroprocessing catalysts of various petroleum
fractions is related to the surface structure, phase composition and the state of the modifying additives [8].
An electron microscopic study was made of the structure and state of the active centers of the KGO
catalysts promoted by Ce, Co, Mo, etc. Studies have shown that on the surface of these catalysts, there are
several types of surface structures that differ significantly in both size and chemical state of the
components.

According to electron microscopy, the thermodesorption of ammonia and X-ray diffraction catalysts
are highly dispersed, the metal components of the active phase are predominantly in the oxidized state,
forming cluster-associates on the surface whose dispersion and structure and state are determined by the
nature of the catalyst components [8].
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Conclusions. When hydroprocessing various types of gasoline on the catalyst KGO-18, the highest
content of isoalkanes is observed during the processing of catalytic cracking gasoline. 40,3-48,1% of
isoalkanes were found in the catalyst obtained on the catalyst KGO-18 at 320-380°C, whereas in the
process of straight-run and gasoline coking, the content of isoalkanes is 34,0-39,7% and 33,9 — 38,7%.
The octane number of gasoline after hydrofining of straight-run gasoline and catalytic cracking gasoline is
almost the same and is 90,7 and 90,5 (RM), respectively.Modified zeolite-containing alumo-cobalt-
molybdenum catalysts for hydroprocessing gasoline fractions in one stage conduct hydrotreating,
hydroisomerization, hydrogenation and allow to obtain low-sulfur high-octane gasoline.

Source of research funding: The work is carried out in accordance with the scientific and technical
program: No. BR05236739 "Creation of bases for the production of oil and gas products based on
domestic technologies".

REFERENCES

[1]Kashin O.N., Ermolenko A.D., Neftepererabotkainefiechimia. 2005, 5,.32 -38. (in Russ.)

[2] Onoychenko S.N., Emelyanov V., Krylov L.F. Chemistry and Technology of Fuels and 0ils.2003,6, 3-6 (in Russ.)

[3] Konovalchik O.D., Melik- Ahnazarov T.H., Khavkin V.A., etc. Neftepererabotkaineftechimia.2000, 9, 12 -16 (in Russ.).

[4] Tomin N.N., Pimerzin A.A., Loginov L.N., SharikhinM.A. .Neftehimiya. -2004,V .44, 4 , 274-277 (in Russ.)

[5] YasianYiu. P., KolesnikovA.G.,ZavalinskiiD.V., Zavalinskaya I.S. // Chimiaitechnologiatoplivimasel.2003, 5,32-35.. (in
Russ.)

[6] Ishutenko D.I., Nikulshin P.V., Konavalov V.V., Pimerzin A.A. //Kinetic and catalysis. -2015, -6 ,-735-745 (in Russ.)

[7] HavkinV.A., Guliyaeval.A.,BychkovaD.M., Loshenkoval.N., Krasilnikoval . A., LogionovaS.A. /!
Neftepererabotkaineftechimia.-2004,4, 29-34/(in Russ.)

[8] Tuktin B., Shapovalova L.B., Chanysheva 1.S.//ChimicheskiijurnalKazakhstana. 2012,- 4,-p.157-162.(in Russ.)

[9] ToneK.G. Multifunctional. catalysis on zeolites . - Novosibirsk :Nauka , 1982,— 2 (in Russ.).

[10]Toledo-Antonio J.A., Cortés-Jacome M.A., Angeles-Chavez C., Escobar J., Barrera M.C., Lopez-Salinas E. // Appl.
Catal., B, 2009, 90, 213-223.

[11] Dumond F., Marceau E., Che M., A.// Revista de Chimie,2007, 67,1523-1528.

[12] Plantenga F.L, LeliveldR.G..//.Appl. Catal. A: General. 2003, 248, 1-7.
[13]Morales-Ortuiio J.C,.Klimova T.E. // Fuel. 2005,198, 99-109.
[14]DeldariH. //.Appl. Catal. A: General. 2017, 293, 1-10.

[15]Gonzalez-Cortesa S.L., Rugmini S., Xiao T., Green M.L.N., Rodulfo-Baechler S.M., Imbert F.E. // Appl. Catal. A:
General,2014,270-281.

[16]Besenbacher F., Bronson M., Clausen B., Helveg S., Hinnemann B., Kibsgaard J., Lauritsen J., Moses P., Norskov J.,
Topsoe H. //Catal. Today.2008, 130,86-96.

[17]Babich I.V., Moulijn J.V. // Fuel.-2003, 111, 4780-4789.

[18] Qiherim, Li. H., Yuan H., Zhang Y., Xu G. // Chin. J. Catal.2011,32, 240-249.

[19] Smirnov V.K., Irisova K.N., Talisman E.L. // Catalysis in industry. 2003.-No. 2. P.30-36. (in Russ.)

[20] KhavkinV.A., Chernysheva E.A., Gulyaeva L.L. Hydrogenation processes of obtaining motor fuels - Ufa. -2013. - 259.
.(inRuss.)

B.T. Tyktun, H.H. Hypranues, A.C.Tennsbaesa, JI.b. lllanosaJiosa, JI.B. Komamxko
«J1.B. Cokonbckuit aTbIHIAFE JKaHapMaii,kaTanns xKoHe eKTpoxumust ”HCTUTYTE AK, Anvatsr, Kazakcran

BEH3UHHIH 9PTYPJII ®PAKIIUAJTAPBIH MOJAUOPUIIUPJIEHT'EH
AJIIOMOKOBAJIBTMOJINBIEH KATAITU3ATOPAJIAPBIHJIA THAPOXKAKCAPTY

Annoranus. ) Kymeicra ZSM-5 sxone HY 1ieonur kocnanapsl, pochop MEH CHpPEK Ke3JeCeTiH 3JIEeMEHTTePMCH
MOIUGUIMPIICHTCH aATOMOKOOanbTMONINOAeH Katanuzaropiapbinaa: CoO-MoO;-Ce,03-P,05-Al,03-ZSM  (KT'O-
18); CoO-Mo00;-La,05-P,05-AL,05-ZSM(KI'O-20) xeHe Co0O-Mo00O;-Ce,0;-P,05-A1,0;-ZSM-HY(KI'O-16)
OCH3MHHIH opTYpil (pakuusuiapbiH (Typa aiiganraH OCH3WH, KaTAINTHKAIBIK KPEKMHI OEH3HMHI KOHE KOKCTEey
OeH3MHI) THAPOSH IEY 3ePTTEYIIePiHIH HOTIDKENepi OepiireH.

KI'O-18 xatanm3atopblHma OCH3WHHIH OpTYpii (pakuusutapblH THAPOOHICYACH albIHFAH HOTIDKENepi
KOpCeTKEH IeH, M30aIKaHapIbIH €H KOFaphl Yieci KaTaINTHKAIBIK KpeKUHT OeH3MHIH eHaereHne Oaikanmer. KI'O-
18 karamuzaropsingarbl 320-380°C-Tta anblHFaH KaTaau3aTTarbl M3oaikanaap mejuiepi 40,3-48,1%06oica, an Typa
afimanrad OGH3MH MEH KOKCTey OeH3MHAEpiH eHJereHae anblHFaH m3oankanmap 34,0-39,7% sxone33,9-38,7%-mb1
Kypansl. Typa afimanraH OCH3MH MEH KaTaIUTHUKANBIK KPEKHHT OCH3WHIH TMAPOXKAKCApTyJaH COH OKTaH CaHBI iC
Ky3iHzae Oipaeid, srau 90,7 men 90,5—ke (30) TeH. Al @HJIENTeH KOKCTey OCH3MHIHIH OKTaH CaHbl 0acka eHJeNreH
OeH3uH (pakuusuapeiHaH KaparaHna teMeH, sikHH 83,1-re TeH (39).KI'O-18 kaTtanuzaropbiga OEH3UHHIH SpTYpIIi
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(hpakIsIIapBIHTHIPOOHCY TPOIECiHIH 3epTTeyiepi OalKaTKaHAal,eH XOFaphl THIPOKYKIPTCI3ACHIIPY KOKCTEY
OeH3MHIH eHIeyne dXysere actbl, sFHM 87,3%-ra TeH Oonnmel. Anm Typa alipanran Oemsmume 81,3% Oonca,
KaTaIUTHKAIBIK KPEKUHT OeH3uHIHAE 75,4%-1b1 KYpabl.

Tyilin ce3mep: ueonuT, Typa aiifanraH OCH3WH, KaTAIUTHKAJBIK KPEKHUHI OCH3WHI, KOKCTey OeH3MHI,
KaTanu3aTop, THApOTa3anay

B.T. Tyktun, H.H. Hypramues A.C. Tenn36aesa, JI.b. lllanoBasosa, JI.B. Komamxko
AO "HHCcTuTyT TOIMBA, KaTanu3a u aiekrpoxumun uM. J[.B. Coxomnsckoro", Anmatsl, Kasaxcran

THJIPOOBJIATOPAKUBAHUE PA3JIMYHBIX BEH3UHOBBIX ®PAKIIUI
HAMO/JUPULINPOBAHHBIX ATFOMOKOBAJIbTMOJIMBAEHOBBIXKATAJIN3ATOPAX

AHHoTanusi. B pabote mpuBeneHs! pe3ynbTaThl UCCIENOBAaHMS THAPONEPEPAOOTKH Pa3INYHBIX OEH3MHOBBIX
(pakmmii (IPSAMOTOHHBIN OEH3WH, OCH3MH KAaTAIUTHIECKOTO KPEKWHra, OCH3MH KOKCOBAHMS) HAa AIFOMOKOOAIBTMO-
JUOJCHOBBIX  KaTalu3aTopax, MOAU(UIMPOBAHHBIX mg00aBkamu wneoautoB ZSM-5 u HY, dochopa u
penxo3emenbHbIX  AnMeMeHTOB:CoO-Mo00O;-  Ce,03-P,05-Al,05-ZSM  (KT'O-18);Co0-Mo03-La,0;-P,05-Al,0;-
ZSM(KT'0-20) u CoO-Mo00s-Ce,05-P,05-A1,05-ZSM-HY (KT'O-16).

Pe3ysnbraThl, MoJydeHHbIE NPU THUAPONEPEepadOTKE pa3lMuHbIX BUAOB OeH3MHa Ha Karanuzatope KI'O-18,
MOKa3bIBAlOT, YTO HauboJiee BBICOKOE KOJIMUECTBO H30aJKAaHOB HaOJromaercss mnpu nepepaboTke OeH3MHA
KaTaJIMTHIECKOro KpekuHra. B karamusare, moiaydeHHoM Ha katanusatope KI['O-18 mpu 320-380°C oGHapysxeHO
40,3-48,1% wn30ankaHoB, TOTAa Kak NHpH HepepaboTKe MPSIMOTOHHOTO M OEH3MHA KOKCOBaHHUS COJEp)KaHHe
n3zoankaHoB cocraBusger 34,0-39,7% wu 33,9 - 38,7%. OkTaHOBOE 4YHCIIO TMOCIE THAPOOOIArOpAKUBAHUSL
MPSIMOTOHHOTO OCH3WHA M OCH3WHA KaTaIMTHYECKOTO KPEKHHTa MPAaKTUIEeCKHA OAMHAKOBO u cocTaBisieT 90,7 u 90,5
(M) cootBeTcTBeHHO. B citydae OGeH3MHa KOKCOBaHMS OKTAHOBOE YHMCIIO IOJYYaeMOTO TOIUTMBA HMXKE, YEM IIpU
nepepaboTke Apyrux BumoB OeH3zwHOB - 83,1(MM). Ilpu mcciemoBaHWU mporiecca THAPONepepadOTKUPa3THIHBIX
6eH3nHOBBIX (pakmmu Ha KatamuzaTope KI'O-18 ycranoBneHo, 9To Hambosiee BBICOKas CTENEHb T'HMAapoobeccepu-
BaHUs HaOMIOMaeTcs mpu nepepadboTke O6eH3nHa KokcoBaHHA - 87,3%, mpsimoroHHoro OexsuHa - 81,3% u OeH3uHa
KaTaIUTHYECKOT0 KpeKuHra - 75,4%.beHsun (pakuusuiapslH IHAPOSHICYAe MOIUMDUIUPICHICH HEOIUTKYpaMIbl
AIIOMOKODANBTMOJIMO/ICH KaTalu3aTopiapsl Oip caThlia TMApOTa3ajjay,rHIpOU30Mepiiey, THIpPIECY peaKUusuIapbiH
XKYPri3il, a3 KyKipTTi )KOFapbl OKTaHIbl OSH3HMH allyFa MYMKIHJIK Oepei.

KiroueBble cj10Ba: 11€0JIUT, IPSIMOTOHHBIA OCH3MH, OCH3MH KAaTATUTHYSCKOrO KPEKHHIa, OCH3UH KOKCOBAHUS,
KaTajM3aTop, THAPOOYHCTKA
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DEVELOPMENT OF TECHNOLOGY FOR
THE COMPLEX ISOLATION OF BIOLOGICAL ACTIVE SUBSTANCES
FROM PLANTS OF THE GENUS HAPLOPHYLLUM A. JUSS

Abstract: In this study, a complex study of plants of the genus Haplophyllum A.Juss of a sort H. Perforatum
Kar et Kir. The main parameters or raw material quality: preparation raw material (grinding, sieve analysis);
humidity, total ash, ash is insoluble 10 % HCI, sulphate ash, extractives.

Macro- and microelement composition of total ash is analyzed. Qualitative reactions and chromatographic
analysis methods, the main classes of natural compounds in raw materials and their quantitative contents have been
identified.

Keywords: Rutaceae, Haplophyllum, moisture, ash, coumarins, Perforatum, flavonoids, terpenoids.

Introduction

The stirpes Rutaceae includes 150 genera and about 900 species are widely distributed in tropical,
subtropical and heat-sensitized regions of both hemispheres. Most of the representatives of the stirpes
grow in the South of the USA (California, Florida) in the Mediterranean countries (Spain, Italy, Morocco,
etc.), Brazil, Argentina, Japan, China, South Africa and the arid regions of Australia [1; 201].

Rutaceae - occur mainly as evergreen trees or bushes, sometimes lianas, very rarely perennial (ruta -
Ruta, ash - Dictamnus, haplophyllum - Haplophyllum) and annual grasses [2; 240].

Plants of the genus Haplophyllum A. Juss (stirpes Rutaceae) on a global scale are represented by
approximately 70 species, which are distributed from the Mediterranean to Western Siberia. There are 23
species of Haplophyllum growing on the territory of the Central Asian countries [3; 229].

The main active components of the plant genus Haplophyllum A. Juss are:

- coumarins (collinin, obtusifol, obtusinin, obtusinol, obtosozid, daurosid D, ostol, 6-methoxy-7-
(3',3'-dimethylallyloxy) coumarin, 5-hydroxy-7-methoxycoumarin, scopoletin, isoskopoltin, bungenediol,
skimianin , umbelliferone, and daurozides A and B);

- flavonoids (haplozid A, 7-O-glycoside haplogenin, haplozid D, haplozid F, 7-O-B-D- (6acetyl-'),
glucopyranoside 3,5,4'-trihydroxy-8,3' - dimethoxyflavone, 7-O-a-L-rhamnopyranosyl, glycosides of
quercetin, kaempferol, isoramnetin, 7-glucoside of 3'-methyl ester of gossipetin);

- alkaloids (acetamide, folifin, evoxin, haplotin, candecin, palmatin, magnophlarin, haplophin,
buharaine, bucharidine, robustin, folimin, 4-methoxy-N-methylquinolone-2, robustinine, dictamnin,
skimmianin, dubinin, dubamine, haplopherin, foliosin);

- terpenoids;

- steroids (sitosterol, stigmasterol, camperterol);

- essential oils;

- carboxylic acids;

- lignans (eudesmine, variantcoside, diphyllin, pluviatil, suicilactone, yusticidin B, daurinol);

- tannins;

- amides;

- carbohydrates (glucose, galactose, mannose, xylose, arabinose, rhamnose);
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- saponins;
- higher aliphatic alcohols (n-triacontanol) and a number of other BAS (Biologically active
substances) [4; 13].

Table 1 - the biologically active substances of plants of the genus Haplophyllum [5; 6].

Kind of plant Dedicated connections
Coumarins Flavonoids Lignans
Haplophyllum scopoletin, scopiolin, haploperoside haplogenin, limocitrine, cudesmine
Perforatum Kar et Kir A, haploperoside B, x haploperoside limocitrine-7-O-B-D- (6 "-O-
C, haploperoside D, haploperoside E | acetyl) -glucopyranoside,
haplozid A, haplozid B,
haplozid C, haplozid D,
haplozid E
Haplophyllum scopoletin, 6-methoxy-7-v, y-di- yusticidin B, diphyllin
Obtusifolium Ledeb methylal-liloxicumarin, obtusinol,
obtusinin, otosozid, feruloylskopolin
fraxetin, kapensin, obtusicin,
obtusiprenin, otusiprenol, obtusidine,
obtusipholine, fraxetine-7-O-
glucoside
Haplophyllum umbelliferon, scopoletin, 5,7- haplogenin, haplozid B, yusticidin B, diphyllin
Davuricum (L.) G. Don | dihydroxyquarium, skimmin, haplozid D daurinol
daurozide A, daurozide B, daurozide
D
Haplophyllum - haplogenin, haplozid B, -
Latifolium Kar et Kir haplozid D
Haplophyllum - - variantcoside
Versicolor  Fisch. Et
Mey

From the data presented in Table 1, the common feature of all the species of studied for the content of
coumarins is the presence of scopoetin, scopolin, haploperoside Haplophyllum Perforatum Kar et Kir,
haploperoside B, haploperoside C, haploperoside D, haploperoside E. The content of flavonoids:
haplogenin, limocitrine, limocitrine-7-O-B-D- (6 "-O-acetyl) -glucopyranoside, haplozid A, haplozid B,
haplozid C, haplozid D, haplozid E. Content of lignans: eudemin.

Table 2 - the quantitative content of coumarins during flowering and fruiting [5; 7].

Coumarins The yield of coumarins (in% of the weight of an air-dry plant)

Flowering period Fruiting period

scopoletin, - trace amounts (<0,004%)
6-methoxy-7-y, v-
dimethyl-lyloxycoumarin 0,023 trace amounts (<0,004%)
Obtusinol
Obtusinin trace amounts (<0,004%) -
Obtusoside 0,08 0,19
Feruloylskopolin 0,054 0,27
Thraxetine - 0,005
Capensin 0,018 0,14
Obtusicin 0,84 0,17
Obtusiprenin 0,025 0,26
Obtusiprenol - 0,023
Obtusidine - 0,025
Thraxetine-7-O-glucoside - 0,013

- 0,006

The data obtained by us and other researchers show that the qualitative and quantitative compositions
of coumarins of the studied plant species vary greatly depending on the ecological-geographic, soil-
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climatic conditions, as well as the vegetation period and the plant organ. The same species of this genus,
growing in different geographical areas, may contain different in quality and quantity composition of
coumarins.

As can be seen from the data presented in Table 2, the greatest amount of coumarins is extracted
during the flowering period, rather than during the fruiting period, since during the fruiting period the
yield of coumarins decreases.

In the flora of Kazakhstan, there are more than 70 species of plants, many species have plant
medicinal plants and may be required for the pharmaceutical industry of the Republic. Therefore, the
study of the chemical composition of pensions is not only scientific, but also practical [4; 12].

Various species of Haplophyllum (H.Dubium, H.Bucharicum, H.Bungei, H.Davuricum, H.Foliosum,
H.Obtusifolium, H.Latifolium H.Perforatum and others) have long been used in folk medicine for the
treatment of skin, as well as an antidote for poisoning, antipyretic, analgesic, laxative, for diseases of the
stomach and spleen. Extracts of some species show antitumor and cytotoxic activity. Therefore, they
attract the attention of researchers as potential sources of biologically active substances. The objects of our
study are the species Haplophyllum Perforatum [4; 14].

In plant resources under the editorship of Sokolov P.D. information on the chemical composition and
useful properties of this plant species is presented. Phenyl carboxylic acids and their derivatives: methyl
ester of n-coumaric (n-hydroxycinnamic) acid. Lignans: (8R, 8'R 4, 4'-dimethylglylignolide-9.9 ".The
plant roots contain alkaloids (in %) 0.047, skimianin 0.009, evoxin, haplopin. Containment in the aerial
part of plants: steroids (in %) sitosterol 0.07; alkaloids (in %) 0.04-0.05; skimianin 0.14, haplatin 0.001,
evoxin 0.04, haplopin 0.001, haplamide 0.003, haplamidine, glycopein, 7-isopentenyloxy-y-pharagin.
Phenyl carboxylic acids and their derivatives: methyl ester of n-hydroxycinnamic (n-coumaric) acid. In the
stems of the plant contain: alkaloids 0.23%. In the leaves of the plant contain: alkaloids (in %) 0.04-0.6,
skimianin 0.005-0.6, hapsolein 0.06, dubamine, haplatin.

Useful properties. The content of n-hydroxycinnamic acid methyl ester in the aerial part of plants
shows estrogenic activity [5; 13].

And in plant resources under the editorship of Budantsev A.L. information on the chemical
composition and useful properties of this plant species is also presented. The roots contain:

- terpenoids (fraksinellon);

- alkaloids (robustin, dictamnin, y-pharagin, skimianin, evoxin, haplozidine 0.01%, haplosinin
0.003%);

- coumarins (seselin);

- flavonoids (haplogenin, limocitrin, haplozid C).

The leaves of the plant contain:

- flavonoids (7,3'-dimethyl ether of dihydroquercetin, 3,6-dimethyl ester of quercetin (axillarin),
3,5,7-trimethyl ester of kaempferol, 7-O-B-D-methyl glucuronide of 3'4'-dimethyl ester of lutheline , 7,3'-
dimethyl ether and 3'-methyl esters of luteolin).

In the flowers and fruits are found essential oil in its composition includes monoterpenoids,
hydrocarbons.

Water extract is used externally for dermatoses, eczema, varicose veins, alopecia, asthenia, anemia [6;
234,235].

Result and Discussion
The size of the medicinal plant material is determined by the method of sieve analysis.

The investigated plants were crushed to a particle size within 0.5mm in flowers (420.759), lmm in
stems (316.488), according to the regulatory documentation.

Good quality - compliance of medicinal raw materials, products, medicines with technical
requirements of NTD.

All indicators of good-quality were determined by the methods of the GF RK, the European
Pharmacopoeia and other literary sources.
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Table 3 - Sieve analysis of H.Perforatum plant

Mass (H.Perforatum) = 600g Mass (H.Perforatum) = 500g
Sifter Ne H.Perforatum (flowers) H.Perforatum (stems)
Mass, g % Mass, g %
10 - - - -
] N - N -
6 9,545 1,59 21,352 4,27
4 19,696 3,28 27,640 5,53
2 35,348 5,89 40,552 8,11
1 72,443 12,07 316,488 63,3
0,5 420,759 70,13 28,263 5,65
0,3 12,928 2,15 24,499 4,9
0,2 9,863 1,64 16,020 3,2
0,25 6,454 1,08 11,125 2,23
0,1 5,132 0,86 7,085 1,42
Remain 3,552 0,59 2,120 0,42
Losses 4,280 0,71 4,856 0,97
Table 4 - Numerical indicators of benignity of a plant of H. Perforatum species
Indicators of good quality Plant H. Perforatum
Flowers Stems
Humidity, % 5,74 5,83
Total ash, % 6,74 6,38
Sulphated ash, % 11,25 12,43
Ashes insoluble in 10% HCl 9,56 10,18
Containment of detective substances (70% alcohol) 44,06 32,59

As can be seen from the data presented in table 3, the moisture content in the stems (5.83%) is greater
than for the flowers of the plant (5.74%). The total ash of the plant was 6.74%. The ash insoluble in 10%
HCI was 9.56% in flowers, 10.18% in stems. And the distribution of extractive substances in the plant was
H. Perforatum in flowers 44.06%, stems 32.59%.

The solvent, which should be taken when extractives are determined, is indicated in the relevant
specification for this type of raw material. Usually, it is the same solvent that is used when preparing a
tincture or extract from this raw material.

Extractive substances show the content of the likely active substances in the raw materials, which can
later be processed. As can be seen from the data, the greatest amount of extractive substances is extracted
by the flowers of this plant. The obtained data testify to the quality of the raw materials and the
profitability of using the BAS complex. Figure 1 shows a benign chart of the distribution of H. Perforatum
Kar.et Kir.

H Flowers

— .
| Stems
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~ ™
&S
X
S <° NG
%&Q

Figure 1 - Diagram of the assimilation of Haplophyllum Perforatum.
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In the plant raw material, the ash of total, sulfate ash, ashes is insoluble in 10% HCI, which is the
residue after treatment with the total HCI ash and consists mainly of silicates, which are a natural
component for some objects, but more often the result of contamination of the raw materials with sand,
earth and stones.

Mineral elements by their content in the plant are divided into macro elements, microelements and
ultra microelements. Macroelements include Na, K, Ca, Mg, Cl, P; their content in the ashes is measured
in hundredths of a percent. Microelements: Zn, Cu, Ni, Mn, Cu. Along with the "biometals" - elements
that make up living organisms (for example, sodium, potassium, calcium, magnesium, iron, zinc), they can
be referred to heavy metals - cadmium, lead, chrome, mercury and other d-elements, content which,
according to the gradation of Vinogradova A.P., corresponds to the level of microelements in plants.

The study was carried out by the method of atomic absorption analysis on the basis of the Center for
Physical and Chemical Methods of Research and Analysis (CPCMRA). The data are presented in table 5.

Table 5 - Macro- (K, Ca, Na, and Mg) content and microelements (Cu, Cd, Pb, Fe, Mn, Ni, Zn) in the plant H. Perforatum

Microelements Flowers of a plant, % The stems of the plant, %
cd 0,0227-107 0
Pb 0,1636-107 0,1487-107
Fe 5,2048:107 3,3864:107
Mn 0,6036-107 0,2767-107
Ni 0,2569-107 0,2301-107
Zn 2,7284-107 208,680-107
Cu 0,3671-107 0,3691-107
Macroelements
K 473.370-107 432.30-107
Ca 395.880-10° 157.890-107
Na 23.5525-10° 28.2150-10°
Mg 91.180-107 45.7025-107

The largest number of macro and microelements is the flowers of the plant. In the stems and flowers
of the plant, the dominant macro elements are K. In the flowers and stems of the plant, there is an
increased content of macroelements like K, Ca. And the content of macroelements K, Ca, Na is explained
by the fact that in saline conditions the Na +, K + concentration is increased, and they diffuse rapidly into
the interior and easily saturate the cell sap.

A comparative phytochemical analysis for qualitative reactions and chromatographic analysis for the

main classes of biologically active substances was carried out. The results are shown in Table 6.

Table 6 - Phytochemical analysis of the plant Haplophyllum A. Juss

BAS Developers Flowers Stems
Carbohydrates o-Toluidine Light-brown envelope Light-brown envelope
Tannins JAK Blue shading Black-blue staining
Phenolic compounds FeCl;, 3% Green Dark green
Flavonoids NHj3, 5% bright yellow yellow-green
AlCl, pale yellow bright yellow
SiHNO - -
AgNO;, 1% reddish-brown reddish-brown
NaOH, 5% - -
Carotenoids KMnO, (Potassium decolorization decolorization
permanganate)
Phosphorus-molybdic acid blue green
Amino acids CoHeO4 pale purple light purple
Carboxylic acids (ninhydrin) yellow-brown brown
CH4N,O (urea) - -
MgACz - -
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As can be seen from the data presented in table 6, in the accumulation of Haplophyllum A. Juss there
are the main groups of biologically active substances. Carbohydrates, phenolic compounds, tannins,
flavonoids, carotenoids, amino acids and carboxylic acids were found.

The method of the two-story paper chromatography in the use of reliable samples in flowers, and
packages from flavonoids were occupied by quercetin and rutin; from the corners — cane sugar and
glucose; from amino acids - as the so-called and all-alone a-amino acids.

An important parameter for obtaining the plant extract is the ratio of raw materials and solvent from
1:4 to 1:8. For 5 grams of raw material (flowers and stems of H. Perforatum Kar.et Kir) Pour in different
volumes and different percentages of ethyl alcohol, when using a curing agent 1:6, and instill 24 hours
without decontamination at a temperature of 24-25°C. These parameters are presented in table 7.

Table 7 - Determination of the optimum extragent for extraction

Mass of raw material, g const 5 5 5
Solvents (extragents) 30% ethanol 50% ethanol 70% ethanol
Extraction temperature, °C const 24-25°C 24-25°C 24-25°C
Weight of dry extract, g Flowers 0,1253 0,1625 0,0941
Stems 0,3442 0,5661 0,3824
Extraction amount, % Flowers 2,51 3,25 1,88
Stems 6,88 11,32 7,65

As a result of comparative studies it was found that the optimal extragent is 50 % ethyl alcohol for
flowers, 70 % ethyl alcohol for stems. When the ratio of raw materials: extragent 1: 6, the amount of dry
extract in flowers was 3.25 %, and in stems 7.65 %.

One of the important parameters in the technology of obtaining extracts is also the ratio of the
selected extragent to the raw material. To determine the optimum volume, the ratio of raw materials and
solvent is changed from 1:4 to 1:8, pouring on 5 g of vegetable raw materials 70 % and 50 % ethyl
alcohol. At this time constant of extraction (24 hours) and temperature (24-25° C), the following results
were obtained. This is presented in the form of a table 8.

Table 8 - Determination of the optimal ratio

Mass of raw material, g const 5 5 5

Ratio of raw materials (g) and extraction (ml) 1:4 1:6 1:8

Extraction temperature, °C const 24-25°C 24-25°C 24-25°C

Weight of dry extract, g Flowers 0,291 0,1625 0,2462
Stems 0,1001 1,234 0,3824

Extraction amount, % Flowers 5,82 3,25 4,92
Stems 2,002 24,68 7,65

The data presented on the table show that the ratio of 1:6 with the extragent chosen was optimal, in
flowers the amount of extract was 3.25%, and in stems 7.65%.

Table 9 - Determination of the optimal time

Mass of raw material, g const 5 5 5
Extraction time 12 24 48
Extraction temperature, °C const 24-25°C 24-25°C 24-25°C
Weight of dry extract, g Flowers 1,618 0,1625 1,1125
Stems 0,9864 1,8515 0,3824
Extraction amount, % Flowers 32,36 3,25 22,25
Stems 19,73 37,03 7,65

As a result, it was found that the optimal time was 24 hours with the extragent selected, the mass of

the dry extract was 0.11625g in flowers and 0.3824g in stems.
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The carried out researches allowed to determine the optimum values of the parameters influencing the
extraction of biologically active substances from the plant H. Perforatum Kar.et Kir. stirpes Rutaceae.

Conclusions

Based on the results of the study, the following conclusions can be drawn:

The numerical parameters of the raw materials are determined: sieve analysis, moisture content, total
ash, fly ash soluble in 10 % HCI, sulfate ash, extractives regulating the quality of raw materials complies
with the norms of the State Pharmacopoeia of the Republic of Kazakhstan.

Methods of spectral analysis established for the plant H. Perforatum 4 macro- and 7 microelements.
Qualitative methods of analysis include carbohydrates, tannins, flavonoids, phenolic compounds,
carotenoids, amino acids and carboxylic acids.

The technology of extraction of the extract from the studied type of raw material, its ratio,
temperature and time is worked out. The following parameters were chosen as the optimal condition:
extragent 50 % ethyl alcohol in flowers, 70 % ethyl alcohol in stems, extraction ratio 1:6, extraction time
24 hours, temperature 24-25°C.
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On-Dapabu ateiHgarel Kazak ¥ nTTeik YHuBepcuteTi, AnmMatel, Kaszakcran

HAPLOPHYLLUM A. JUSS IOBIHEH
BUOJIOT'USUIBIK BEJICEH/I 3ATTAPABIH
KEINIEHAI OJIIHY TEXHOJIOI'USICBIH JAMBITY

Annoranus. by 3eprreyne Rutaceae Tykpimuaceina xartateii Haplophyllum A.Juss ecimuirinig H.Perforatum
Kar et Kir typine xomuiekcTi 3eprtrey xyprizingi. 1lIukizar cananbUibIFbIHBIH MaHbI3/bl HapaMeTpiepi Kapabl.
Omnap: mmkizaT maitbiHgay (Maiiganay, eJeKTeH OTKi3y 3epTTeyi); bUIFaJIbUIbIK, kanmbl kyiautik, 10 % HCl-na
epIMEeHTIH KYJIUIK, Cyib(aTThl KYJNIUIK, 3epTTENIHIN OTBHIPFaH OCIMIIK TYPJEPIHEH JKCTPAreHTTiH TaOHFaThIH,
OHBIH IIHUKI3aTIIeH KaThIHACBIH, YKCTPAKTIICY YaKbIThI MEH J>KHUIIrH ©3repTe OTBIPbIN, OWUOJOTHSIIBIK OenceHIi
KeIIeH i ally TeXHOJIOTHACH OHICIII.

JKanmel KyJAmiIUTIKTIH #Makpo- JKOHE MHKPOIJIEMEHTTIK Kypambl 3eprrenmi. Camaiblk peakius IKOHE
XpomarorpadusIbIK Tajaaay d/1iCIMEH IIUKI3aTTaFbl TAOUFAT KOCHUIBICTAPBIHBIH MaHbBI3/IbI KIIACCTAPHI KIKTEIl HKOHE
OJIap/IbIH CaIalbIK KypaMbl aHBIKTAIbI.

Tyiiin ce3nep: Rutaceae, Haplophyllum, surranmsuiblk, Kyniiunik, kymapusaaep, Perforatum, ¢naBanounarap,
TEPHEHOUITAP.
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AJK. KanasioexkoBa, A.T.Amanra3zuena, 3.b. XanmenoBa, A.K. Ymo0eroBa
Kasaxckoeo Hayuonanvnozo Yuusepcumema umenu ano-Dapabu, Armamol, Kazaxcman

PAZPABOTKA TEXHOJIOI'U KOMIIVIEKCHOI'O BBIIEJIEHUA BUOJIOI'MYECKUX
AKTHUBHBIX BEHIECTB U3 PACTEHUM POJIA HAPLOPHYLLUM A. JUSS

AHHOTanusl. B 1aHHOM HCCeT0BaHUN MTPOBEICHO KOMIUIEKCHOE MCCIIE0BaHUE pacTeHus pona Haplophyllum
A.Juss euda H. Perforatum Kar et Kir. PaccMOTpeHbI OCHOBHBIE MapaMeTphl KaYeCTBA CHIPbsI: MOJTOTOBKA CHIPbSI
(M3MenpyYeHne, CUTOBOI aHaAJM3); BIaKHOCTh, 00MLIas 30ia, 30i1a He pactBopuMas B 10 % HCI, cynedarnas 3oma,
9KCTPaKTHBHBIC BEIIECTBA.

[Ipoananu3upoBaH Makpo- W MHKPODJIEMEHTHBIH cocTaB oOmied 30mbl. KadecTBEHHBIMH peakuusiMu |
XpoMaTorpauuecKMMN METOAAaMH aHaln3a HACHTU(HIMPOBAHBI OCHOBHBIC KJIACCHI NPHPOAHBIX COCAWHEHUH B
CBIPbE M OIIPEAETIEHO MX KOJIMYECTBEHHbBIC COAEp’KaHWe. B ChIppe ONpeneneHbl OCHOBHBIE TEXHOJIOTHYECKHE
IapaMeTphI TOJTyYeHHE IKCTPAKTa.

KaroueBsbie cinoBa: Rutaceae, Haplophyllum, enascnocme, 3016nocms, Kymapunsl, Perforatum, gprasanouost,
mepnerHouobl.
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METHODS OF CARRYING OUT FLOTATION PROCESSES

Abstract. Within the scope of work on separation of polymer waste by the flotation method, there has been
made a review of methods for carrying out flotation processes and the equipment used. There have been considered
the existing schemes for classification of flotation processes by objects, interfacial boundaries, design features of
flotators, aeration method, technological purpose, and there has been done the analysis of the completeness of
accounting for all characteristic features.

Based on the analysis done, there has been suggested the classification of flotation processes by the following
types: extraction of the valuable (target) component, type of the raw material, type of devices, process mode in the
apparatus, interfacial surfaces. Among the methods of flotation separation on interfacial surfaces, the phase foam
flotation is most widely presented in the industry. By the method of feeding gas to the liquid, flotation is divided into
pneumatic, pneumomechanical, cascade, ejector, vacuum, pressure, electrical, reagent and thermal.

Flotation devices are also proposed to be classified by type into trough (direct flow), chamber (cascade) and
column (tank) ones.

When choosing the most suitable flotation method for a particular task, it is necessary to take into account all
types of flotation and know the features, advantages and disadvantages of each of them. The suggested scheme for
classification of flotation processes lets us systematize and characterize completely most of the existing flotation
processes.

Keywords: flotation, classification, raw materials, concentrate, target component, process mode, interfacial
surface, aeration, equipment.

Introduction.Flotation as a method of mineral concentration is known since the 19th century. The
English inventor William Haynes was the first who patented the use of oil flotation on February 23, 1860
[1]. Flotation varies by objects, interfacial boundaries, design features of flotators, aeration method,
technological purposeand other characteristics [2—5].

Recently, the flotation process on the basis of various wettability is used to sort plastics. It is very
promising because of the simplicity of hardware design and reliability in operation. It can be used to
separate plastics with fairly close or equal densities. This requires the presence of surfactants and gas
bubbles in the working volume of the device.

The purpose of this article is to review the methods of carrying out flotation processes and the
equipment used, as well as to develop the flotation process classification scheme, ensuring the
completeness of accounting for all characteristic features.

Study methods. Each of the considered methods of carrying out the flotation process has its own
specific features of carrying out the studies.

Study results.

In the existing literary sources, there is a description of flotation types only by separate features. In
the mining encyclopedia [6] there is a flotation process classification scheme, shown in figure 1. But it
also does not contain a complete list of features and is difficult for perception.
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Flotation
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—
By way of gas . : : by changing foam
feeding chemical pneumatic mechanic pressure separation
By selecting the| release of . pneumo- compres .
extracted component| carbon electrolytic mechanic ||| Vacuum . ejector by
P dioxide — L1

direct reverse

Figure 1 —Classification of flotation

Therefore, based on the literature data on flotation methods and their hardware design, the authors
proposed the most complete scheme for classification of existing flotation processes, shown in figure 2.

The proposed scheme includes the following types of classification. By the extraction of a valuable
(target) component, flotation can be direct or reverse; selective or collective. Direct flotation is an
operation, in which the extracted useful material is concentrated in foam [7-9]. If during flotation the
gangue is extracted into the foam and the concentrate is a chamber product, such flotation is called reverse
[10, 11].

During the flotation of ores with obtaining several concentrates, depending on the order of separation
of valuable components, there are distinguished selective and collective types of flotation. At the
beginning of flotation process development, there was used only separation of gangue and target
components, extracted into a collective (generic) concentrate with its following separation. Such flotation
is called collective. Later on, there were developed the methods of separation into several products with
the release of valuable components into various concentrates— so there appeared the selective flotation [12,
13].

Depending on the type of extracted material, flotation is divided into organic [10, 14, 15], mineral
[16] and ion [17-20].

Flotation separation is carried out on the following phase interfaces:

— liquid-liquid (oil and emulsion flotation);

- liquid-gas (film and foam flotation);

— liquid-solid (coagulation and flotation with a carrier).

Oil flotation consists in different wetting of separated particles by immiscible liquids, dispersed in
water in the form of small drops [15]. As a result, there are formed "particle — oil" complexes, floating to
the surface. In Mariupol (1904) such a process was applied for the purpose of graphite ore concentration.
Subsequently, this method was improved: the oil was dispersed to an emulsion, which made it possible to
extract fine tailings [21].
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During film flotation, the separated particles are poured from a certain height to the surface of the
working fluid [22-25]. Non-wetted particles are kept on its surface and separated as a concentrate, while
those wetted with water — sink and get into another product.

Oil and film flotation have low efficiency. Foam flotation is most widely presented in the industry.

Foam flotation is carried out in a three—phase medium "particles —liquid-gas", which contains
flotation reagents. The flotation principle is as follows. In an aqueous medium, the gas bubble and the
particle’s hydrophobic surface, the adhesion (adherence) of which to liquid is less than the cohesion
(repulsion) of liquid, come together. The water layer, separating them, reaches a certain thickness, at
which it becomes unstable and spontaneously breaks. Then the particle and the bubble stick together. Due
to the fact that the density of "bubble-particle" complexes is less than the density of liquid, they float to its
surface and form a foam product that is withdrawn from the flotation machine. Wetted particles do not
adhere to the bubbles, remaining in the volume of liquid, or settle to the bottom [26, 27]. This method was
first patented by brothers Arthur and Adolf Bessel (Germany, 1877).) [28].

The foam layer can be formed in two ways - when feeding gas to the liquid or when gas being
released from the liquid. Gas is fed to the liquid either forcedly under pressure (pneumatic and
pneumomechanical flotation), or with dynamic involvement (mechanical, cascade, ejector flotation).

By the method of feeding gas to the liquid, as a defining feature of classification of flotation
machines, there are distinguished the following methods of flotation [4]:

— pneumatic — flotation by gas bubbles, appearing, when gas is passed through porous aerators
(branch pipes, filters, porous plates, caps, etc.)[29, 30];

— pneumomechanical — flotation by bubbles, formed during dispersion of the compressed gas, fed by
mechanical agitators [31];

— mechanical — flotation by bubbles, drawn into the liquid from atmosphere, with intensive mixing of
liquid by various agitators [31, 32, 33];

— cascade — flotation by bubbles, drawn into liquid from atmosphere as a result of the jet of the same
liquid, falling into it from a certain height [34];

— ejector— flotation by bubbles, drawn into liquid from atmosphere as a result of the flow of a jet of
the same liquid at a high speed in a tube with a narrowing and air access gap [35, 36, 37].

Gas is separated from the liquid thermally, chemically (reagent or electroflotation) and by changing
the pressure (pressure, vacuum):

—vacuum — flotation by gas bubbles, dissolved in the liquid, which are released under vacuum [38,
391;

— pressure (compression) — flotation by bubbles, released at atmospheric pressure from oversaturated
under pressure solutions of gases in the liquid [40, 41];

— electroflotation — flotation by bubbles, arising in electrolysis, usually on the cathode [42, 43];

— reagent — flotation by bubbles, which are obtained as a result of the influence of acids or alkalis on
the liquid;

— thermal — flotation by bubbles, released from the liquid as a result of its heating above the boiling
point of the liquid, oversaturated with gas.

Reagent and thermal methods of flotation are very expensive and recently do not find a wide practical
application. There are also combined methods of flotation, in which the liquid is aerated in several ways
[44—46].

In machines of mechanicaltype, air from the atmosphere is sucked due to the mechanical action of the
mixer-aerator blades on the pulp. Strong mixing in the chamber creates the pulp turbulent flows in it. The
pulp has a horizontal circular motion around the impeller shaft and a vertical circulation. Large air
bubbles, trapped in the working fluid, are broken by a stirrer and pulp flows into small bubbles.
Mechanical floatation is characterized by a variability of air suction with time, high power consumption,
strong agitation of the pulp.

The specific feature of pneumomechanical flotation devices is that in such devices the impeller
rotates only to hold the particles in suspended state and to disperse the air, supplied to the device from the
blower, which makes it possible, in comparison with mechanical flotation devices, to ensure constant air
flow in the device regardless of the wear of aerators. With this method, strong mixing of the pulp is
carried out too.
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Pneumatic flotation is characterized by the design simplicity, low cost (no impellers, pumps are
needed). However, it is characterized by frequent clogging of aerator holes, the difficulty of uniform
aeration. The efficiency of pneumatic flotation depends on the holes and material of the aerator, pressure
and air flow, duration of the process, depth of liquid in the apparatus [47]. The low efficiency of
separation is determined by the fact that when air is supplied through aerators, there are appearing large
bubbles (1-3 mm) [48]. However, currently there are developed the aerators, providing a fine aeration (up
to 0.3 mm). With such aerators there are equipped modern flotation devices with pneumatic aeration [49],
and their use in pneumatic flotators increases the efficiency.

Gas separation from the solution with changing the pressure is applied for liquids that contain very
small particles. This possibility was grounded by Klassen [50]. In this case, bubbles appear on the surface
of the particles. This is done, in accordance with Henry's law, by reducing the solubility of gas in liquids
with a decrease in pressure. The essence of the method is in formation of an oversaturated gas solution in
the liquid. When pressure is released, from the solution there begin to separate the gas bubbles, which
float hydrophobic particles. There are distinguished vacuum and pressure types of flotation.

By the method of vacuum flotation, the liquid under atmospheric pressure is saturated with air in the
aeration chamber, and then transferred to the flotation unit, where the vacuum pump maintains the vacuum
of 30-40 kPa. The bubbles released in this case float part of the dispersed particles to the surface. The
advantages of vacuum flotation are that the process is carried out in a still medium, the possibility of
destruction of flotation complexes is minimal and energy costs are low. The disadvantages of vacuum
flotation include a limited by small pressure difference amount of liquid saturation with gas. This limits its
application to separation of suspended particles with a concentration of up to 0.3 kg/m’. One more
disadvantage of vacuum flotation is the presence of sealed reservoirs with scraper mechanisms, which
causes certain structural and operational difficulties.

Pressure flotation devices are more common than vacuum ones. Pressure flotation makes it possible
to separate the material with a concentration of suspensions in liquid up to 5 kg/m’. They are simple and
reliable in operation. The saturation of liquid with gas occurs at elevated pressures in pressure tanks. The
flotation unit operates at atmospheric pressure in this case. The solubility of gas in it decreases, and in the
entire volume there are released the bubbles, which collide with the particles and float them.

Electroflotation is a process of separation of particles, suspended in liquid, by gas bubbles of
hydrogen and oxygen, released during electrolysis. This method has distinctive features, which at the same
time are its advantages. During electrolysis the finely dispersed gases are released [S1, 52]. The bubbles of
electrolysis gases are the same in size, they are little inclined to coalescence and during their residence in
liquid they retain their diameters.

Electroflotation is a complex hydro-mechanical and electrochemical process. The speed and
efficiency of this process is significantly influenced by the density of the electric current. The most serious
drawback of the electroflotation separation method is that as electricity passes through the liquid, salt
deposits occur on the electrodes, which can provoke a complete stop of the process. The electrodes work
more effectively in an acidic medium. Uneven gas release on the electrodes leads to the concentration of
bubbles in certain areas of the flotation device. Because of this, it produces the undesirable circulation of
liquid [53, 54].

The process of electro-flotation, apparently, will not receive widespread adoption in large-tonnage
production. This is primarily due to the low performance of electric flotators, as well as their instability,
caused by the latch-up of the interelectrode area [55, 56].

Flotation devices are also classified by type to trough (direct-flow), chamber (cascade) and column
(tank).

Flotation devices of a trough type have a form of a bath, stretched in length. The working fluid is
supplied from one side and goes out on the other side together with the sludge. The foam is taken along
the entire length through the side boards into the troughs (usually by gravity). The height of the working
fluid is regulated by the intensity of discharge.

Chamber [57] flotation devices consist of separate chambers, with one or more aerators used in each
of them. Among the features of chamber machines there are: the need to adjust the height of the working
fluid in each chamber; lowering the level of the working fluid along the machine, due to which in each
chamber there are different heights of foam threshold and foam scraper blades.

Flotation apparatuses of column type [2, 58-81] are vertical tanks of different sections (round,
elliptical or rectangular). The foam product is removed from the top and the sediment - from the bottom of
the column. Power is supplied most often to the middle part of the column.
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Flotation in the column apparatus is carried out with the counter-current movement of the bubbles and
the working fluid. The liquid is discharged through the discharge pipe at the bottom of the column, and
bubbles float towards it. On the surface of liquid they form the foam, which is withdrawn at the top of the
column. The speed of the working fluid should be less than the relative speed (float) of the bubbles. The
high velocity of liquid can result in the accumulation of bubbles, their coalescence and the release of gas
locks.

The flotation column is smaller in size than other flotation units of the same capacity; it is generally
free of moving parts, which reduces the energy consumption and maintenance costs. The main difficulties,
arising during the operation of column apparatus are associated with clogging of aerators [81].

Chamber machines can be of mechanical and pneumomechanical types, trough machines — of any
other types, column machines - of a pneumatic type only.

The mode of motion of bubbles and particles is a significant factor, affecting the possibility of
flotation complex formation, flotation intensity and energy consumption of the process. The probability of
collision of a bubble and a particle, as well as the formation of a flotation complex depends on the relative
speed of their movement, the duration of contact and the forces of inertia. By the mode of movement of
phases in the machine, flotation is also divided into numerous types: pressure, vibration, pulsation,
centrifugal, etc. In this work we’ll consider only those modes of movement of phases, which are most
commonly found in the basic designs of flotation machines.

In mechanical and pneumomechanical machines the nature of liquid and solid phases’ motion is
similar to perfect mixing. This is necessary to maintain the suspension in a suspended state, to disperse the
bubbles and increase the time they stay in the working volume of the apparatus. However, intensive
mixing can cause the destruction of the bubble — particle complex due to the inertia forces, especially
during the flotation of large particles [2]. In addition, the use of the impeller reduces the efficiency of the
flotation unit, since a significant part of the energy is used to maintain the working medium in a suspended
state, which is not directly related to the flotation process.

The counter-flow of the working fluid and bubbles in the column apparatus reduces the speed of the
constrained (group) motion of bubbles, which increases their residence time in the working fluid, the
efficiency of gas use and the specific productivity of the flotator. In the column, the forces of inertia are
insignificant due to the absence of mechanical devices and low turbulence of flows.

As it can be seen from the listed types, flotation is a complex and multi-faceted process. When
choosing the most suitable method of flotation for a particular task, it is necessary to take into account all
types of flotation and know the features, advantages and disadvantages of each of them. The suggested
scheme for classification of flotation methods lets us systematize and characterize completely most of the
existing flotation processes.

Conclusions.There have been made a review and analysis of methods for carrying out flotation
processes and the equipment used. The existing schemes of classification of flotation processes do not
contain a complete list of features and are difficult for perception.

There has been suggested the classification of flotation processes, the main components of which are
the methods of extraction of a valuable (target) component, the type of raw materials, the type of devices
used, the process modes in the apparatus, the interfacial surfaces used. The suggested scheme for
classification of flotation methods lets us systematize and characterize completely most of the existing
flotation processes.

Foam flotation is noted as a method, most widely used in the industry. There have been considered
the designs of flotation machines.
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OJIOTANUAJIBIKITIPOHECCTEPALKYPI'I3YOAICTEPI

AnHotanusi. DnoTtauusi apKpUIbl TOJUMEPIIK KalJIbIKTap/bl Oejin mibiFapy OOMBIHILA JKYMBICTAP/IbIH
meHOepinae (GIOTauMsUIBIK YPIICTEPAl JKOHE KOJNJAHBLIATBIH KAOABIKTBI JKYPri3y OIICTEpiHE MIONY >Kacajbl.
Heicannap, ¢azaapansik miekapa, ¢uioraTopiapibslH KOHCTPYKTHBTI Oenriiepi, ajspauusuiay Tociiaepi, TEXHO-
JIOTHSUIBIK TaFaiibIHay1apbl OOWBIHINA KOIJAHBICTAFb! (MIIOTAlMSIIAY MPOLIECCTEPIHIH KIacCH(PUKAIMSIBIK CYJI0aChI
KapacThIPBUIBI XKOHE OJIapFa TOH OapJIbIK OCNriIep Il €CeNKe aIbIHbIN TaJJaHIbL.

XKyprizinren TannayaaH Keiin ¢uioTaiys NpoLecTepiH Kejeci THITep OOWBIHINIA JKIKTEY YCHIHBUIAIBL Oarajibl
(MakKcaTThl) KOMIIOHEHTTI aily OOMBIHIIA, IIHUKI3aT Typi OOMBIHINIA, KYPBUIFBUIAP.IBIH TYpl OOWBIHILA, annapaTTapiarsl
npouecTiH OoibIHIIA, (a3zaapanslk O0errep OoiibiHmIa. Pazanapasl OeTTik OoibIMEH OenymeH (roTanuoHIsl 0oy
ozicTepiHiH imiHAe KeOIKTi (uioTanys eHEepKacinTe KeHiHEeH YChIHBUIFaH. ['a3/1bl CYHBIKTHIKKA Oepy Tociii OolbIHIIA
(rroTanys THEBMATHUKANBIK, ITHEBMOMEXaHUKAIIBIK, KACKAIThI, 3)KEKTOPIIbI, BAKYYMJIbl, KbICHIMIIBI, AIEKTpodIoTa-
IUSUTBIK, PEareHTT] )KOHE TEPMUSIIBIK OOJBIN OeTiHe .

OoTaUIIBIK ammaparTap TUMI OOWBIHIIA JKIKTey (TiK CBI3BIK), KaMepalbl (Kackaxm), OaraH (mmaHma) OOHBIHIIA
YCBIHBLIA/IBI.
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Benrini 6ip Tarnceipma YImiH (QIOTAIMSHBIH €H KOJAWIBI OMIiCiH TaHIaraHAa, (QIOTAIMSHBIH OapibIK TYPJICPiH
€CKepill, OpKAUCHICHIHBIH EPEKIIENKTEePiH, apTHIKIIBUTBIKTAPBIH JKOHE KEMIILTIKTepiH OLTy KaxeT. DIOTaIrUsIIBIK
dmicTepli KIKTEYIiH YCHIHBUIFaH CYJIOAcHl KOJIAHBICTAFBl (DIOTAIMs IPOLECTEPiHIH KOMIIUITH Kyieneyre koHe
CUMaTTayra MyMKIHIIK Oepei.

Tyiiin ce3mep: ¢uotamnms, KiaccubHUKaIMs, NIMKI3aT, KOHICHTPAT, MAKCATThl KOMIIOHEHT, MPOIECC TIPTIOi,
(azaapanpik 6eT, adpamus, KabIbIK.
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FOsxH0-KazaxcTaHCKHil rocyIapcTBEHHbIH yHUBEpcHTeT HM.M.Ay»30Ba, .IIbIMKEHT,
Kasaxcran

METO/AbI IPOBEJAEHUA ®JIOTAIIMOHHBIX ITPOLIECCOB

AHnHoTamms. B pamkax npoBeneHus pabOTBHl IO Pa3AEICHUIO IMOJIMMEPHBIX OTXOZOB METOAOM (IOTALMU
MPOBEJCH 0030p METOJ0B NPOBeAEHHS (IIOTAIIMOHHBIX MPOLIECCOB U NMPUMEHIEMOro obopynoBanus. PaccMoTpeHbl
CYIICCTBYIOIIME CXEMbI KiIacCH(UKAMK TMpoleccoB (Quoramuu 1Mo 00beKTaM, MEK(Ga3HbIM TPaHHIIAM,
KOHCTPYKTHUBHBIM IIPU3HAKaM ()I0TaTOPOB, CrIoco0y a’parvi, TEXHOJIOTHYECKOMY Ha3HAYE€HHION BBIIIOJIHEH aHAIIN3
MIOJTHOTHI y4YeTa BCEX XapaKTepPHBIX IIPHU3HAKOB.

Hcxons w3 NpOBEJEHHOIO aHaiu3a, NMpPEAioKeHa KiIacCH(UKaIMs IPoOleccoB (IIOTAMK 110 CIIeTyIOUIUM
THIIAM: TI0 H3BJICUYCHUIO LEHHOTO (LIENIEBOr0) KOMIIOHEHTA, MO BHAY CBIPbS, IO THITy YCTPOMCTB, IO PEXKUMY
mporecca B ammapare, 0 Mex(pasHbIM NOBepxXHOCTSAM. Cpexd MeTonoB (DJIOTAMOHHOrO pa3ielieHus Ha
MMOBEPXHOCTAX pasnena QasmneHHas (ioTamus HauOojee IMUPOKO MpEeACTaBlIeHa B MpoMbIIIIeHHOCTH.IIo crmocody
[Ofa4y Ta3a B XXHMAKOCTh (IOTalMs HOAPA3AENsieTCs Ha ITHEBMAaTHYECKYI0, THEBMOMEXaHMYECKYIO, KacKaaHYIo,
KEKTOPHYIO0, BAKYyMHYIO, HATIOPHYIO, IEKTPOGIIOTALINIO, PEareHTHYIO U TEPMUYECKYIO.

®rnoranuoHHbIe  ammaparsl  IPEMVIOKEHO  TakkKe — KIACCHQUIMPOBATH [0  THIy  HAKOPBITHBIC
(IpsIMOTOUHBIE),KaMEpHBIE (KacKa/IHbIE),KOJIOHHbIE (YaHOBHIE).

ITpu BbIOOpe Hambosee moaxosuiero crnocobda (GaoTamuu Aask TOW MM MHOW 3a/laud HEOOXOJMMO yYHUTHIBAThH
BCe THUIBI (IOTaMM M 3HaTh OCOOEHHOCTH, JIOCTOMHCTBA M HEJOCTATKH KaXAoro u3 Hux. [Ipemmaraemas
CXeMakKJacCU(UKAIMM METOAOB (IIOTAIMM II03BOJISIET IOJHOCTBIO CHCTEMAaTH3MPOBaTh U  OXapaKTEpPHU30BATh
OOJIBIIMHCTBO CYIIECTBYIOLIHMX ITPOLIECCOB (IIOTALINH.
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Mex(a3Has OBEPXHOCTH, adpalius, 000pyI0BaHHUE.
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STUDY OF THE PARTICLE DYNAMICS
IN IMPACT-CENTRIFUGAL MILLS

Abstract. Proceeding from the analysis of operation of impact-centrifugal mills, requiring extremely high
energy costs, of particular interest is the search for sources, enabling to minimize these costs. Along with the
structural elements and assemblies, as well as the technological service, a great role here is played by the influence of
the dynamics of particles, formed during grinding. In its turn, the velocity nature of crushed particles’ motion is a
function of such variables as the design of impingement elements, the direction of impact, the particle’s
configuration and the material, to which it belongs, as well as a number of other factors.

The paper presents the analysis of design schemes of impact-throwing type mills with different shape and
location of accelerating blades. There is considered the common case of the material’s particle motion along the
accelerating arc blade, located in the horizontal plane, and there is given the design scheme.There is graphically
considered the direction of the total velocity of a particle at different location of blades, and there is suggested the
dependence of the particle’s impact impulse on the particle’s descent angle. There are obtained the laws of material’s
particle motion in the impact-centrifugal mill with the blades of arc profile of variable radius, there are established
the basic laws, permitting to determine the impact impulse and, accordingly, the grinding efficiency, depending on
the blade profile.

Keywords: the impact-centrifugal mills,thedesign scheme, the particle, the velocity, the motion, the operating
device, the rotating rotor, the impact impulse, the profile, the efficiency.

Introduction.

Grinding processes are very common in many industries. These, in particular, include: the production
of building materials, food production, pharmacology, recycling.

A. Griffiths and A. loffe made a significant contribution to the study of fracture mechanics [1, 2].
Taking into account their work, many researchers studied the physical bases of the processes of
destruction [3 — 5], laying the Foundation for modern hypotheses and assumptions. Particularly important
attention was paid to the problems associated with specifying the grinding work, since this process itself is
very energy-intensive. The first attempt to identify the energy costs of grinding was made by P. Rittinger.
According to his hypothesis, it follows that the work spent on grinding is proportional to the size of the
newly formed surface in the crushed material. A bit later, F. Kick and V. Kirpichev [6 — 8], independently
from each other, put forward a hypothesis that the energy, required to obtain similar changes in the
configuration of geometrically similar bodies of the same technological structure, change like the weight
or volume of these bodies. P. A. Rebinder [6, 7] combined the hypotheses of Rittinger and Kick-
Kirpichev, considering that the destruction occurs after the piece’s deformation and the total work of
crushing is the sum of the work of deformation and the work of new surfaces’ formation.

The above researchers laid the foundations of fracture mechanics, established the laws for specifying
the fracture work, however, in spite of this, currently there is no clear theory of this process. This is
determined both by the complexity of the phenomena, observed in the material during destruction, and by
92
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the practically infinite variations in the properties of the materials themselves, such as hardness, density,
plasticity and many others.

At the same time, many researchers note that for most materials, especially for fragile and fragile-
flexible, the most acceptable in terms of energy efficiency are such methods of grinding as crushing and
impact [9 — 15]. Upon impact, in the material there occur considerable short - term internal forces, which
result in the appearance and development of cracks that destroy the integrity of the material. Therefore,
impact mills are widely used in grinding of various materials [11,12, 15].

Basically, the working body of such mills is a rotating rotor, usually in the form of a disk with the
accelerating blades, installed on it. When the rotor rotates, the crushed material, fed into its inner cavity,
moves under the influence of inertial forces along the accelerating blades from the center of rotation to the
periphery. Breaking off from the blades at a certain speed, the material’s particles hit the fixed impact
surface and break down into smaller parts [16 — 18].

The efficiency of impact grinding depends on the speed, at which the particle hits the impingement
element, and the angle between the velocity vector and the normal to the impingement surface in the
impact point of the particle. The greater the speed of the particle at the time of impact and the closer the
impact angle in relation to the normal to the impact surface to zero, the more effective the grinding
process. Therefore, we can assume that the grinding efficiency is affected by the profile and location of
the blade. In addition, it should be noted that when the abrasive particles move along the blade, there is an
intense abrasion of its surface. In this regard, the task is to select such parameters of the blade profile, at
which the pressure on it will be minimal, which, in its turn, will reduce the friction force and increase the
durability of the blade.

Typical designs of rotors in impact-throwing type mills in most cases are provided with radial
accelerating blades (Fig.1, a) [16-18]. These blades are easy to manufacture and therefore they are widely
used in rotary mills. The results of studies of the material’s movement in mills with radial blades are
presented in many works [16-20].

a b c

Figure 1 — The design schemes of impact-throwing type mills with different shape and location of accelerating blades

Therefore, the purpose of further research was to investigate the material’s particle dynamics in
impact type mills with arc blades of variable radius; to determine the influence of geometric
characteristics of impact-centrifugal mills with different types of blades on the efficiency of impact
grinding.

Study methods. To carry out the studies, there were used the numerical and analytical methods with
the use of computers.

Studyresults. The material to be ground, before reaching the blade, is fed into the central part of the
rotor, from where, under the influence of centrifugal forces, it moves to the inter-blade space. Despite the
fact that the material is supplied as a continuous flow, it can be considered that the movement of particles
along the blades occurs separately, since their speed in the radial direction is constantly increasing, so they
move apart from each other. Also, in [21] it is pointed out that for mill sizes of grinded pieces of material
of the order of 10 mm, mill loading cannot be considered a bulk medium, it is allowed to consider the
motion of single particles.

Let’s consider the general case of the material’s particle movement along the accelerating arc blade,
located in a horizontal plane (Fig. 2). Here we believe that the blade has a constant curvature radius R,
and the particle is presented by a material point M.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

w=const

h — a distance from the rotor center to the beginning of blades, R, — the radius-vector module n

Figure 2 -Thedesignscheme

Let the particle be in any point of the blade surface. Here we assume that the rotor rotates at a
constant angular velocity . In relative motion, the particle will be affected by the centrifugal inertial force
®@,, the Coriolis inertial force @, the force of the particle’s friction on the blade surface F,, and the
reaction of the support surface N. The force of aerodynamic resistance will be neglected by us, since the
centrifugal force of inertia is by an order of magnitude more than the force of aecrodynamic resistance. The
particle’s motion along the blade in the axial direction of the rotor, i.e. across the blade, is not considered,
since the value of gravity force at operating frequencies of the mill rotor rotation is by orders of magnitude
less than the values of inertial forces.

The system of equations, describing the motion of a particle along the arc blade in a natural
coordinate system (Fig. 2), will be written as:

m§ =mo’ R, cosa.— Nf,

)
m3—=—N —mo’ R sino.+2mos , (1)
Rl
where m — the mass of a particle, s — the arc coordinate, measured from the beginning of the blade,  — the
mill rotor angular velocity, f— the coefficient of sliding friction, N — the support’s reaction.
The system of equations (1) completely describes the motion of particle M, if we know explicit
expressions for the radius vector modulusR,, cosa and sina as a function of the generalized coordinate s.

These expressions are easy to find with the help of Fig. 2. From the right triangle OBM we obtain

2 2
R? :(hsin(eo +%)) +(hcos(90 +%)+2R1 sin%) . ?)

Angle 6, is the inclination angle of the tangent to the starting point of the blade. This angle specifies
the orientation of the blade curvature radius R1 in the plane of the rotor.
FromFig. 2 itfollowsthat

cosao = R%(h cos(6, + @) + R, sing),

sino =——(hsin(8, + @)+ R, (1—cosp)). 3)

€
Rt

— g4 ——
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Taking  into  account that the  angular  coordinate ¢ =s/R; from  system
OwunbKa! UcTouHUK CCbINIKK He HaliaeH., with taking into account
OwnbKa! UCTOUHUK ccbiINIKM He HalaeH., we derive the equation of the particle motion as

§ = @2 S inS |- r N
§=w (hcos(90+Rl)+Rlstl) fm, (4)

where the support reaction

*2
N =m| 20§ — 35— — w*(hsin(0, + 2-)+ R — R cosi))
( R o TRITMTMOS Y

1

From the nonlinear differential equation (4) it is possible to obtain special cases of the particle motion
along the rectilinear inclined and radial blades. For this, it is needed to carry out the limiting transition
R; — 0. As a result, we obtain a linear differential equation of the particle’s motion along the rectilinear
inclined blade:

§=w(hcos®, +s)— f N/m,
N =m(2os — ®*hsin6,). (5)

If the blade is radial, i.e. 6, = 0, then the equation of motion has the form:

§=0(h+s)— fN/m,
N =m2ws. (6)

The solution of equations (5) and (6) can be obtained in the analytical form, equation (4) is integrated
numerically, but the determination of the particle’s position on the blade as a function of time is of no
interest, since for grinding efficiency analysis it is necessary to know the full speed of the particle at the
time of its descent from the blade and the direction of this speed. The analysis of equation (4) shows that
the friction force component is much smaller than the inertial component, hence it can be concluded that
the friction force will not significantly affect the magnitude and direction of the total speed of the particle,
so in further calculations it will be neglected. In this case, we can obtain the first integral of motion for
equation Owmn6bKa! UcTouHUK ccbinku He HalaeH. which makes it possible to determine the reaction of a
support surface N as a function of the particle’s position on the blade s.

st o . SN o 21— S
;=0 (th(sm(O0 + Rl) sin(0,)) + R (1—cos R )j, (7)

The integrals, similar to (7), are obtained for rectilinear inclined and radial blades by integrating
equations (5) and (6) or by performing a limit transition R;—>oc0 for equation
OwunbKa! UCTOUYHUK CCbINIKKU He HaUAEH..

<2 2

% = (hcos@os +S7) (8)
-2 2
%:coz(hs+%). 9)
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Equation Own6ka! UcTouHUK ccbinkn He HalpeH. can be derived by writing the theorem of the
particle kinetic energy change in the rotating coordinate system

. 2p2
ms® _MOR" i)

2 - 2 2 9 (10)

where in the right part there is recorded the work of the centrifugal inertial force during the particle’s
relocation from the initial position 4 to the current position R,. Then from (10) we have

$* =’ (R?—h?). (1)

By putting expression (2) into equation (11), we obtain (7). Expression (11) leads to an important
conclusion: the particle’s relative velocity module during its departure from the rotor (when R, = R,,;) does
not depend on the profile and location of the accelerating blade.

§=V,=0,/R —h® =const. (12)

The direction of the relative velocity vector, of course, will depend on the shape and location of the
blade (Fig.3).

R0 — the rotor radius; Ry —the impingement surface radius.

Figure 3 - The direction of the particle’s total velocity at various blade positions

Let’s decompose the particle’s total velocity at the moment of its descent from the blade to the radial
component v, and the tangent component v.:

v, =V, cosa v, =R -V ssina,., (13)

where o, — the angle value o at the time of descent of the particle from the blade (the angle of descent) is
determined by formulas (3). Then the square of the particle’s total velocity, with taking into account (12),
will be
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Vi=v, +v: =20°R}. [1 —\/1—(}1/1’€poT)2 sinoccj —o°h’. (14)

The formula shows that for the blade, at the end of which sina, = 0 (for example, a radial blade), the

square of the particle’s total velocity at the moment of its descent from the blade will be
v, =20°R) —o’h’.

The rate of descent of a particle from a rectilinear inclined blade will depend on the direction of the
slope of this blade (in the direction of the angular velocity ® or opposite to it, Fig. 3). The limit transition
R, — oo for such a blade, according to (3), gives sino., = //R,sin6, and, in accordance with formula (14),
the total speed of the particle with the passing blade inclination v > v, (since the blade inclination angle 6,
in this case is negative) and v <v, with the blade inclination in the direction, opposite to the angular
velocity ®. Similar conclusions can be made for the arc blade.

The value of the particle’s total velocity says nothing about the grinding process efficiency, since the

impact impulse accounts for only part of this velocity. The impact impulse can be determined by the
formula

p =mvcosf, (15)

where[} — the angle between the vector of total velocity and the normal to the surface in the point of
impact of the particle (Fig.4).

Figure 4- Determination of the particle’s impact impulse.

Using the sine theorem for triangle OBC (Fig. 9), we derive

2 2
R\ (v
= 1— e =
cosf3 R, I (16)

whereRy; — the radius of the mill's impingement surface.
Then the particle’s impact impulse (15), with taking into account (14) and (16), will be
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p:m\/vj +vf(1—(Rp0T/RH )2) (17)

In formula (17) the first summand under the root determines the contribution of the radial component
of the total velocity; the second summand - the contribution of the tangential component. If to solve the
problem for extremum of the impact impulse function (17), then the particle’s descent angle, at which the
maximum impact impulse will be reached, at a specified Ry,../Ry; ratio, is determined by the formula

_ 1_(RH /RpOT)2
JI-(h/ R,

sino,™ (18)

The maximum impact impulse here will be

Do =MO\ R, —h* . (19)

The analysis of formula (17) showed that with increasing the radius of the impingement surface, the
impact impulse maximum is shifted towards the negative values of angles of the particle’s descent from
the blade (for example, if the blade is inclined in the direction of the angular velocity). The dependence of
the impact impulse on the angle of the particle’s descent from the blade for different values ofk = Ru/Rpor
is shown in Fig. 5.

L L
-12 -08 -04 00 04 08 1.2
o

<

Figure 5 - Dependence of the particle’s impact impulse on the angle of the particle’s descent

From the figure it is seen that the impact impulse increases with increasing radius of the impingement
surface, but in practice to achieve an increase in the impact impulse in this way is difficult, since during
the particle’s movement in the space between the rotor and the impingement surface there are appearing
the air flows that greatly slow down the speed of the particle, so the gap between the rotor and the
impingement surface is usually made minimum, so that k= R;/R,.: does not exceed 1.05. If to assume
Rpor/Rp =1, then formula (17), with taking into account (12), can be approximately written as

p=mV, cosa, =mo, R’ —h*cosa,. (20)

From formula (20) (and from Fig. 4) it is seen that at R,../Ry~ 1 the maximum impact impulse is
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achieved during the particle’s descent from the blade, having o, = 0. This value o, can be achieved either
on the radial blade or on the arc blade, at the end of which the tangent to this blade T will coincide with the
radius vector R,. Thearcblade,providingo,, = 0, isshowninFig. 6.

O

Figure 6 - Determination of the arc blade’s optimal angle of inclination 6,

From the right triangle OO, C in Fig. 6 we can determine the dependence of the arc blade’s angle of
inclination 6, from the radius of its curvature, which will provide o, = 0.

R’ —h?

pot

sin@, = —TR%. 21)
1

The sign "-" in formula (21) shows that to ensure the condition o, = 0, the blade must be tilted in the
direction of the angular velocity . From formula (21), we obtain the possible range of variation of the
curvature radius

R:, W
Z—h_ 1<OO, (22)

with the angle 6, changing from —/2 to 0.

Conclusions. In the course of research there were obtained the laws of motion of the material’s
particles in an impact -centrifugal mill with blades of an arc profile of variable radius, there were
established the basic mechanisms that allow to determine the impact impulse and, accordingly, the
efficiency of grinding, depending on the profile of the blade.
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! BenapychMeMIIEKeTTIK TeXHOIOTHANIBIK YHHBEpCHTeTI, MuHCK, Benapycs;
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COKKBLJIBI-OPTAJIAH TEIIKIII AUIPMEHJEPJEI'T
BOJIINEKTEPAIH INHAMUKACBIH 3EPTTEY

AHHOTaUMs. Aca SHEPIus IIBIFBIHABI OONBINT KEJNETIH COKKBUIBI-OPTaJaH TENKIill AWipMEHACPAiH >KYMBICHIHA
Tanmay HeTi3iHAe, OCHl INBIFBIHAAPABI a3alTaTBHIH Ke3[epIi 13[eCTipy epeKile KbI3BIFYIIBUIBIK TYIBIPAIbL.
KypbUIBIMIBIK 2JIEMEHTTep MEH TYHIHAEPMEH Karap, TEXHOJOTHSUIBIK CEpBUCICH KaTap, OemeKTepli
TUHAMUKACBIHBIH ocepi MAaHBI3OBI peNl aTKapamel. O3 Ke3eriHae, YCaKTajaFaH OOJIIeKTepIiH KO3FaJbIC
JKBUIIAaMABIFBIHBIH CHITATBl aWHANIBIPY JJIEMEHTTEPiHIH KOHCTPYKIMSICHI, ocep €Ty OaFbIThl, OeImIeKTepaiH
KOH(UTypaImschl XXoHe OFaH THUECINIi MaTepual, COHMail-ak Oipkarap O0acka (akTropiap CHUAKTH alfHRIMAIBLIIAPIABIH
(hyHKIHACH OOTBIT TaOBLTAIBL.

JKympicTa opTypii MimIiHAETI COKKBUTBI-TAKTHIPBUIFAH THUOTETI IUiIPMEHAEPHAiH €cenTiK cyiIbamapblHa MXOHE
JKBULIAMIATKBII TBIIAKTAPABIH OpHAJAaCyblHAa Tajnay >KYpri3inai. ['Opu3oHTaB JKa3bIKTHIFBIHIA OpHAIACKAH
JIOFAIIBIK KBUIIAMIATKBI JKy3i OOWBIHIAFBI MAaTEpUANIBIH O6JIIeKTepiHiH KO3FaJbIChl KapacTHIPBUIABI JKOHE
ecenrrey cyibacel Oepinni. bemmexrepnin opTypii opHamacysl Oap OeNIeKTepHiH Kalmbl JKbUIAaMIBIK OaFbITHI
rpaduKaiIbIK TYPAE KapacTHIPBUIIBI XKOHE OOIIEKTIH 9cep €Ty CepIiHiH OONIeKTepAiH KeTy OYPHIIIBIHA TOYEIIUTIri
YCHIHBUINBL. bemmextepain opTypiii opHaIacysl Oap OeNIIeKTepAiH KaJIIbl )KEUIIAMIBIK OaFrbITH TpadUKaIBIK TYpIe
KapacThIPBIIAIEl JKOHE OOIIIEKTIH 9cep €Ty CepIliHiH OeNMEeKTepAiH KeTy OYpHIIbIHA TOYEIIUTri YCHIHBLIAIBL.
AWHBIMANBI  pagWyCTapAblH JOFANbl MPO(QWIiIHIH THIIAKTAPEIMEH COKKBI-OpPTaIaH TENKill JWipMEHZIETi
MaTepHANIBIK OOINMIeKTEepAiH KO3FallbICHl Typajbl 3aHOAp AaJbIHBII, IMBIIIAKTHH OciiHiHe OalIaHBICTHI dCep €Ty
UMIYJIBCIH KOHE, THICIHIIE, TeTicTeY THIMIUIITIH aHBIKTayFa MYMKIHAIK OSpeTiH Heri3ri 3aHABUIBIKTap OPHATHUI/IBL.

Tyi#lin ce31ep:COKKBUIBI-OPTaAaH TENKIll AWipMEHIEp, €CENTiK Ccyi0a, OeIIIeK, >XbUIIaMABIK, KO3FaNbIC,
JKYMBIC OpPTaHBI, aifHaIMAaJIbl POTOP, COKKBLIBEI UMITYJIC, TIPO(HITH, THIMILTIK.

— 100 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

YJIK621.926
JI. M. Yupxyn ', A. 3. Jleaanckuii ', A.A. Bonnenxko 2, JI. Capcen6exy.anbi >

'Benopycckuii rocyapcTBeHHbIH TeXHOIOTMYECK il yHUBEpCHTET, I.MuHCK, Benapych
?FOxmn0-Ka3axcTaHCKmil rocyIapCcTBeHHbIH yHIBepeHTeT M. M. Aya30Ba, r.I1IsiMkenT, Kasaxcran

HNCCJEJOBAHHUE JUHAMUKHN YACTHIY
B YAJAPHO-IEHTPOBEKXHBIX MEJIBHHUIIAX

Annotanus. Mcxozs u3 aHanm3a paboThl yAapHO-LEHTPOOEKHBIX MEIBHHUIL, SIBJISIOIIUXCS SHEPro3aTpaTHBIMH,
0coOBIH MHTEpEC MPEACTABISET IMOWCK MCTOYHHUKOB, MTO3BOJISIOMIMX CBECTH K MHHUMYMY 3TH 3aTtpathl. Hapsgy c
KOHCTPYKTHUBHBIMH 3JIEMEHTaMH U y3JIaMH, & TaK)Ke TEXHOJIOTHYECKUM CEPBUCOM, OOJBIIYIO POJIb IPH 3TOM HIPAacT
BIIMSHUE TUHAMHUKH YacTHUI], IBIDKYIIUXCS B POTOpax MEJBHHI. B cBOIO ouepenb, CKOPOCTHON XapaKTep IBIKCHUS
M3MENBbUCHHBIX YacTHUIl SBISIETCS (YHKIHMEH OT TakMX IEPEeMEHHBIX, KaK KOHCTPYKIHS OTOOMHBIX 3JIEMEHTOB,
HalpasJIeHUE yAapa, KOHQUTypalysi YaCTUIbl U MaTepHall, K KOTOPOMY OHA NPHUHAMJIEKHT, a TAKXKE piga IPyrux
(axTopos.

B pabote BBINOIHEH aHAIN3 PACUETHBIX CXEM MEJIBHHL] YAApPHO-METaTeJIbHOTO THIIA C Pa3IMYHBIMU (OpMaMH U
pacriojoKeHHEM Pa3rOHHBIX JIONATOK. PaccMoTpeH oOwuMi cityuyail IBM)KEHMS 4YacTHIBI MaTepHaia Io JyroBOW
Pa3rOHHOM JIONATKe PACIOJIOKEHHOW B TOPU30HTAILHOM IUIOCKOCTH M IPUBEJEHA pacdeTHas cxema. [ paduyeckn
pPaccCMOTpPEHO HaINpaBleHHE IOJHOM CKOPOCTHM YacTHIBI NPH PAa3IMYHOM PACIHOJIOKEHUH JIONATOK U IIpeUIo’KeHa
3aBUCHMOCTh yJapHOTO HMITyJbCa YacTUIBI OT yIJla cXoja 4YacTHIbl. I[lodydeHbl 3aKOHBI ABMXKEHUS YacCTHIL
Marepuasa B YAapHO-IEHTPOOEKHOH MEJbHUIIE C JIONAaTKaMu JyroBOro npoduis NepeMeHHOro pajuyca,
YCTAQHOBJICHB OCHOBHBIC 3aKOHOMEPHOCTH, MO3BOJISIOIIUE OIPENENIUTh YAAPHBIH HMITYyJIbC M, COOTBETCTBEHHO,
3((HheKTUBHOCT H3METbUEHHSI B 3aBUCUMOCTH OT TIPOQUIIS JIOTTATKH.

Ki1roueBble c10Ba: yZapHO-IIEHTPOOEKHBIE MEIBHHMIIBI, pacdeTHas CXeMa, 4acTHIa, CKOPOCTh, ABW)KEHHE,
pabounii opras, BpamarImuiics poTop, yAApPHBIH UMITYJIbC, TPO(HIH, 3PPEKTHBHOCTD.
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TRIPHENYLPHOSPHINE ANION RADICAL

Abstract. According to the experimental data, the scheme of transformations of triphenylphosphine interaction
with alkali metals should include stage of one-electron transfer from metal and the formation of a primary

triphenylphosphine anion-radical PhsP ~ ™__Bh,P "M

Therefore, during the lecture on organoelemental chemistry for students of chemical specialties of higher
educational institutions should be noted that in the preparation of organic derivatives of alkali metals and tetraphenyl
diphosphine from triphenylphosphine in a reaction with alkali metals, at the first stage the anion- radical of
triphenylphosphine is formed.

The EPR spectrum of the anion radical of tetraphenyl diphosphine formed during the decomposition reaction of
the triphenylphosphine-potassium anion-radical in 1,2-dimethoxyethane was studied.

Key words: anion-radical, triphenylphosphine, tetraphenyl diphosphine, electron paramagnetic resonance,
organoelemental chemistry.

The most common types of organic derivatives of trivalent phosphorus are the phosphines R;P, R,PH,
and RPH; in the molecule of which phosphorus is directly attached to the carbon. Hydrogen atoms with
phosphorus have quite pronounced acidic properties in order to interact with metallic sodium, giving a salt
(sodium phosphide) and hydrogen. Thus, during the reaction of phenylphosphine with sodium, the
phenylphosphide anion C¢HsPH' is formed, which is a strong nucleophilic reagent [1]

2C¢HsPH,+ 2 Na —® 2 C¢HsPH Na'" + H,
sodium phenylphosphide
(good nucleophile)

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

In the reduction of triphenylphosphine with alkali metals (K and Na) in 1,2-dimethoxyethane (DME)
and tetrahydrofuran (THF) at -70 °C with the EPR method, we found an almost identical EPR spectrum
[3], as Il'yasov did [4] with electrochemical restoration, Fig.1. In DME, the spectrum is described by the
following hyperfine structure constants (HFS):

para__

ortho__
a,-a, =2,51C, a, =

1,25 gauss

An analysis of the hyperfine structure of the spectrum shows that the unpaired electron is uniformly
delocalized throughout the molecule. In Figure 1, under the spectrum, quantum numbers corresponding to
the projections of the total spin 3 para-protons (Iz=1/2) and one nucleus of phosphorus (Ip=1/2).
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Figure 1 - EPR Spectrum of the anion radical of triphenylphosphine - potassium in DME at -60°C

In this connection, one can imagine two ways of locating the metal cation near the AR, which ensure
a uniform distribution of the unpaired electron over the phenyl rings. In structure A, the cation is located
near the phenyl nucleus and migrates at a high frequency between all three equivalent positions. In
structure B, the cation is attached to the phosphorus atom and occupies a stationary symmetrical position
with respect to the phenyl rings. This arrangement of the cation will also ensure a uniform distribution of
the density of the unpaired electron throughout the molecule.

In favor of the second structure is the absence of the effect of a decrease in temperature on the nature
of the electron delocalization. This means that the motion of the cation does not have a significant effect
on the nature of delocalization of the unpaired electron.

Primary anion radicals are of low stability and turn into secondary radical anions as the temperature
rises. This is evidently manifested in a change in the green coloring of the primary anion radicals to
yellow. Figure 2 shows the EPR spectrum of the secondary anion radical. An analysis of a simple
hyperfine structure shows that an unpaired electron interacts with two nuclei with an HFS constant of 7.15
gauss, with two cores with an HFS constant of 4 gauss and with one core with a HFS constant of 1.25

gauss.
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We supposed that the HFS constant of 7.15 gauss refers to a single proton in the para-position of
phenoxyl and to a phosphorus atom (Ip=1/2). Then the HFS constant of 4 gauss is naturally attributed to
two ortho-protons. The magnitude of the constants and the nature of the distribution that should be
reconstructed on their basis correspond to the parameters obtained by Gerson when studying the
dimethylphenylphosphine anion radical [5].

api = aHn
———y
a HO
e
2
ap
L |

Figure 2 - EPR spectrum of tetraphenyl diphosphin'zssr c
the decay of triphenylphosphine-potassium AR

5

According to the data of Britt and Kaiser [6], noting the formation of diphosphines, the EPR spectrum
of the secondary anion radical can be attributed to the AR of tetraphenyldiphosphine. This assumption
makes it possible to classify the doublet splitting with the HFS constant of 1.25 gauss to the second atom
of phosphorus.

To confirm the above assumptions, we investigated the EPR spectrum of AR of secondary particle
obtained from paradeuterated triphenylphosphine. Analysis of the obtained spectrum, Figure 3,
convincingly confirmed the assignment of the HFS constants. The triplet spectrum has become a doublet,
which confirms the equality of the HFS constants from phosphorus and proton in the para-position. The
splitting constant for deuterium in accordance with the ratio of the magnetic moments of the proton and
deuteron is 1.1 gauss and is close to the interaction constant with the second phosphorus atom.

L — 4 H‘J

Figure 3-EPR spectrum of AR of the para-deuterotetraphenyl diphosphine formed during the decomposition
of AR of para-deuterotriphenylphosphine-potassium in DME (at -30°C)
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The obtained results indicate a change in the site of cation localization upon transition from
triphenylphosphine AR to tetraphenyldiphosphine AR. In AR of tetraphenyl diphosphine, the cation is
located near one phenyl nucleus, and the frequency of its migration to other phenyl rings is small in
comparison with the splitting values.

As follows from the experimental data, the scheme of transformations of triphenylphosphine in the
interaction with alkali metals [2] should include a single electron transfer from the metal and the formation
of the primary anion radical of triphenylphosphine

Ph,P M, Ph,P M* (1)

Anion radical of
triphenylphosphine

Therefore, during the lecture on organoelemental chemistry [7-10] for students of chemical
specialties of higher educational institutions, it should be noted that iupon receiving the organic
derivatives of alkali metals and tetraphenyl diphosphine from triphenylphosphine with alkali metals, the
anion radical of triphenylphosphine (1) of the very first stage is formed.

Conclusions

1. As follows from the experimental data, the scheme of transformations of triphenylphosphine in the
interaction with alkali metals should include a single electron transfer from the metal and the formation of
the primary triphenylphosphine anion radical.

2. The EPR spectrum of the anion radical of tetraphenyl diphosphine formed during the
decomposition reaction of the triphenylphosphine-potassium anion radical in 1,2-dimethoxyethane was
studied.
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YINOEHNI®POCOPUHHIH AHUOH-PATUKAJIBI

Annotanus. Toxipubenik 3eprreyiepaeH yipenmihochUHHIH CUITUTIK METaIIapMeH acepiiecy Ke3iHze, OFaH
MeTangan Oip 2JIEKTPOHHBIH aybICYbl OPBIH ajajibl, OCBIHBIH HOTIIKECIHAE aHHOH-paJMKaj JIeN aTaiaTbhiH OeeKk

ty3ineni PhyP _MyPh3P ’ M.
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CoHIBIKTaH, XUMHAS MaMaHIBIFBl CTYJCHTTEPiHE JIEMEHTOOPTaHUKAIBIK XUMISIIAH JOpIC OKY Ke31HIe CLITIIIK
METalapAblH OpPTaHUKANBIK TYBIHOBUIAPBIH JkoHe TepTheHmekihochurani ymdermipochuraeH CIMTLTIK
MeTallIapMEH dcepiiecyi Ke3iHae, alFallKel coTTe yideHmhocPrH aHNOH-PATUKAIBIHBIH TY3UICTIHAITIH eCKepTy
KepeK.

Yudenmidochun — kaiauil aHHOH-PAUKAIBIHBIH 1,2-eKIMETOKCHATAH/A BIABIpAybl Ke3iHJe TepThEeHMIeKi-
(hochun aHnOH-paMKaNBIHBIH TY3UTyiHIH DIIP cnekTpi 3eprrenreH.

Tyiiin ce3nep: auuoH-paaukain, yuipeHuwapocduH, TopTPeHUIeKPOCHHUH, DIEKTPOHABIK MapaMarHUTTIK
PE30HAHC, DJIEMEHTOOPTaHUKAJIBIK XUMHUSL.
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AHUOH-PATUKAJI TPUHOEHNIT-©OCPUHA

Annoranusi. Kak ciefyer U3 SKCIEpUMEHTANbHBIX JaHHBIX, CXeMa NpeBpalleHui TpudeHuwipochrHa npu
B3aMMOJIEHCTBHUHU C LIETOYHBIM METAIaMH JOJDKHA BKIIFOYATh CTAAUIO OJHOICKTPOHHOIO IEPEHOCca OT MeTalla U

06pa3oBaHHe MepBHUHOTO aHNOH-pajmKkana Tpudenmipochuna PhsP M PhP M.

[loaToMy, B XOHOEe YTCHHWsS JIEKLHMU IO DJIEMEHTOOPTaHMYECKOH XHMHM JUISl CTYASHTOB XHMHYECKUX
CIIELMAIBHOCTEH BBICIIMX Y4eOHBIX 3aBEICHHH CcJeayeT OTMETHTb, YTO INPH TOJIYYCHHH OpPraHHYECKHX
MIPOU3BOIHBIX IICIOYHBIX META/UIOB M Terpadenmnaudochuna u3 tpudeHmwibhochrHa ¢ IMETOYHBIMA METAUIAMH
o0pasyeTcsi aHHOH-paanKai TprudenmwipochrHa camoi mepBoi CTaauu.

Nzyuen cnextp JIIP anuon-pamgukana terpadeHmwiandocduna, oOpasyromerocs B XOIe pPEaki|yu pacmaaa
aHMOH-paauKana TpudeHundochun-kanus B 1,2-11MMETOKCHITaHE.

KiroueBble cioBa: aHMOH-paaukai, TpudeHunpocduH, rerpadenmnandochmH, 3JIEKTPOHHBIH HapaMarHuT-
HbII PE30HAHC, 3JIEMEHTOOPraHUYECKAsT XUMHUSL.
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HYDROGEN ENERGETICS CURRENT STATE
AND HYDROGEN PRODUCTION METHODS

Abstract. Review about hydrogen energetics current state and obtaining hydrogen methods are given with using
literature sources from near and far abroad. It is shown that hydrogen energy is an alternative to traditional energy
based on natural resources and describes the technical aspects of hydrogen production methods. We described
industrial methods three categories for producing hydrogen - an environmentally friendly energy carrier. It is shown
that the first category includes hydrogen production thermochemical methods, one of which is natural gas steam
reforming. Along with this, methods for methane partial oxidation, autothermal reforming, and steam and gas coal
conversion are considered.

The second group of methods for the hydrogen production is represented by electrolytic methods. Among them,
a noteworthy method is the electrolysis of water. At present, the promising hydrogen production technology is
standard electrolysis, decomposing water into its components - hydrogen and oxygen with the passage of electric
current.

In recent years, other methods of producing hydrogen have been developed and are being developed. Biomass
gasification and biomass pyrolysis methods are described, it is shown how these methods differ.It is shown that all
the methods considered have their own advantages and disadvantages.

Keywords: hydrogen, energy, energy carrier, reforming, electrolysis, biomass.

One of the modern scientific and technical research topical issues is the development of affordable,
environmentally friendly, cheap types of energy. The search for clean fuels is crucial and vital for survival
since in subsequent years (the next 40-50 years) there will be big environmental problems associated with
climate change, depletion of the ozone layer and other adverse consequences for the planet. The results of
mandatory monitoring indicate an annual increase in emissions of carbon dioxide and carbon monoxide
into the atmosphere. The amount of carbon dioxide emissions in the biosphere is about 30 billion tons per
year. This gas is a major component of greenhouse gases and has a significant adverse impact on the
environment [1].

There is a hypothesis that if the change in the concentration of carbon dioxide when using natural
resources increases the temperature by 0.60°C for 100 years, then until 2075 this change will be equal to
5.40°C [2-3].

In addressing these issues, it is clear that alternative energy sources should be used in place of
traditional energy sources. And it is unlikely that hydrogen energy will be equivalent to alternative sources
of energy. Ecologically pure hydrogen fuel, its inexhaustibility (water), but also a lot of opportunities for
using hydrogen - all this shows the advantages of using hydrogen as a fuel. Compared with organic fuel,
hydrogen has a very large amount of energy, and the amount of heat released when burning 1 ton of
hydrogen is equal to the amount of heat burned for 3.5 tons of organic fuel.

The ability of hydrogen to catalytically oxidize at low temperatures, in this case, the direct oxidation
of chemical energy to electrical energy opens the way for the use of hydrogen in power engineering.
Devices that make it possible to realize such functions are fuel cells or electrochemical energy generators
characterized by a very high efficiency factor (70 to 80%), which is 2.0-2.5 times higher than the thermal
coefficient of efficiency of the engine.
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Nevertheless, the current state of hydrogen technology does not completely replace traditional
energetic. The reason for this is that there is no free hydrogen in the earth, and its production requires
chemical raw materials and energy sources. In short, hydrogen is an energy carrier, not fuel.

Hydrogen is the most common chemical element in the universe (93% atomic percent and one of the
most common elements on Earth is 15.52% atomic percent).The main sources of hydrogen on Earth are
water and organic compounds: oil, natural gas, and biomass.Hydrogen has unique properties, and its
properties can be used in many different areas [4-7].

Let's take a closer look at the basic methods of obtaining hydrogen. At present, 368 - 10" m® of
hydrogen is produced worldwide [8].

Depending on the technological characteristics of the recovery and extraction of hydrogen from its
compounds, we decided to divide it into three categories [9-11].

Let us first consider the thermochemical methods of producing hydrogen.One of them is steam
reforming of natural gas. This method involves the conversion of natural gas under the action of various
oxidants (CO,, H,O, O,, air and their mixtures). As a result, the product contains a large amount of H, and
CO [12-18]. This method is highly productive and cheap, so the amount of hydrogen produced by this
method is 85% of the hydrogen produced in the world, and in the United States - even 95%.

The production of hydrogen in the steam reforming of natural gas is carried out in three stages. First
of all, methane is reformed at 500-950°C and 3 MPa pressure in the presence of a catalyst (usually Ni), in
this case, a synthesis gas (CO + 3H, mixture) is formed:

CH4 + H,0 <> CO + 3H, + 206 kJ / mol (for 1 mole of CH,) )

The reforming reaction is usually endothermic and requires the supply of heat from outside, which in
turn is generated by the combustion of a portion of natural gas (about 25%) or separated from exhaust
gases (for example, gas from a hydrogen purification system). Then the resulting synthesis gas reacts with
an excess of water vapor, and at this time an additional amount of hydrogen is formed by the following
reaction:

CO + H,0 <> CO, + H, — 42 kJ / mol CO )

This reaction takes place at temperatures below the reforming reaction (usually below 600°C). The
reaction proceeds in several stages, each of which occurs at a temperature below its previous stage. At
high temperatures (350-475°C), the degree of conversion of CO to hydrogen is also high; at this stage, an
iron-based catalyst can be used. In the following steps, a copper-based catalyst is used at a lower
temperature (200-250°C); and the CO concentration in the synthesis gas is significantly reduced. The gas
produced during steam reforming mainly comprises (H,) is hydrogen (70-80%) and a small amount of
CH,4 (2-6%), CO (7-10%) and CO; (6-14%) [16,18].

The final stage of the process is devoted to the purification of hydrogen, purification degree depends
on the volume of application of hydrogen. For the purification of hydrogen, pressure-reducing adsorption
systems or Pd-membranes are used to remove water vapor, CH4, CO,, Nyand CO. The purity of hydrogen
obtained by such purification reaches 99.999% [16]. In this case, an oxidation system is mainly used,
introducing air into the produced gas through the catalyst bed. The oxidation of hydrogen also requires the
following reaction at a certain temperature:

CO + % 0, — CO, 3)

Then the amount of CO decreases to the required level [16]. In some cases, the use of calcium oxide
as a sorbent will reduce the amount of CO, and CO and increase the hydrogen content. The gas content is
90% H,, 10% CH,4 and 0.5% CO..

Main drawbacks of hydrogen obtaining method from natural gas are:

- a large amount of air emissions, higher costs of hydrogen and required CO,-gas formation. All this
increases the valueof hydrogen;

- low installations productivity, the complexity of obtaining hydrogen peroxide by this method;

- The presence of CO in hydrogen composition, which means the need for additional purification

for use in fuel cells production.
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Another type of thermochemical methods of hydrogen extraction is methane incomplete oxidation.
Methane or other hydrocarbons (for example, oil) are oxidized in this process, as a consequence of the
following reaction, CO and H, are formed:

CH4 + 1/20, — CO + H, + 36 MJ/kmol CH,4 @)

The reaction does not require exothermic or external heat, so there is no need to use heat exchangers.
Since the temperature is very high, the catalyst is also not needed.But you can use a catalyst to increase
the flow of hydrogen (based on 1 mole of methane) or improve useful factor of the system. Unlike the
steam reformer, the reactor designed for oxidation is more compact and its useful coefficient is higher (70-
80%).Although the reactor itself is cheaper than a reformer, a working reactor and hydrogen purification
systems are expensive. Taking into account these factors, it is necessary to invent cheaper hydrogen
purification technologies [16,17,19].

Another type of reforming is autothermal. The outlet temperature of the reactor is 950-100 °C, and the
gas pressure reaches 100 MPa [19]. Unlike steam reforming, there is no need to import external heat for
autothermal reforming, since the reaction is exothermic and, accordingly, autoreformers are more
affordable and cheaper. However, due to the need to purify exhaust gases, hydrogen production will be
more expensive, and the beneficial effect will be reduced (65-75%) [18]. From these questions follows,
from the ecological point of view, hydrogen production from natural hydrocarbon raw materials seems to
be the same as from fossil fuels. This is due to the fact that in the latter case, harmful emissions into the
atmosphere are formed when fuel is used, and in the first case these emissions are formed, but they are
formed during the evaporation of hydrogen. Summarizing these reasons, basic scientific and technical
research in the field of hydrogen extraction from natural resources should be aimed at improving the
processes of capturing or disinfecting gases, especially carbon dioxide, in the production of new
technologies.

Based on these views, it can be concluded that the method of obtaining hydrogen from coal by
conversion of water and gas is significantly more promising.

Now let's move on to this method. Hydrogen can be obtained by various methods of coal gasification
(for example, gasification in a fixed, liquid layer or a stream). In practice, high-temperature gasification is
more effective because at that time the level of carbon dioxide is high, and the formation of high-
flammable waste and phenol in large quantities is prevented [19].Typically, the gasification of carbon
occurs when the temperature is 1200-1350°C and is carried out in accordance with the following equation
[9, 10, 16, 17, 19, 20]:

C (solid) + H,O + heat — CO + H,. &)

The reaction requires endothermic and external heating; this situation was also observed during
natural gas reforming. The formed CO can then be used as an additional element for the production of
hydrogen by interaction with water vapor:

CO + H,0 — H, + CO,. (6)

At present, much attention is paid to improving methods of extracting hydrogen from solid fuels,
since coal reserves still remain in sufficient quantities(According to British Petroleum Corp., coal reserves
in 2008 amounted to 826 billion tons) [21].

In the United States, there is a national program called "Hydrogen production from coal," which reads
as follows:introduction of hydrogen energy technologies into the industry will reduce the amount of
greenhouse gases released into the environment and improve the ecological purity and productionenergy
efficiency [22].

Carbon gas processing plants are currently environmentally friendly, and the coefficient of useful use
(39-44%) is higher than solid waste for processing solid fuel. A significant disadvantage of this method is
the low hydrogen content in the synthesis gas (usually 40% (volume) percent) [21].

The second group of methods for obtaining hydrogen are electrolytic methods. Requiring attention -
electrolysis of water.

A promising technology of hydrogen production in the modern world is the standard electrolysis,
which breaks down the water into components - hydrogen and oxygen under the influence of electric
current:
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2H,0 + electric current — O, + 2H,. 7

The doubtless advantages of this method are:

- an inexhaustible resource of raw materials (water);

- clean from an environmental point of view;

- possibility of having a wide range of productivity structures;

- ease of use and work;

- very high degree of hydrogen produced purity, as well as pure distribution and valuable gaseous
products - gas oxygen.

At present, there are three technologies of hydrogen electrolytic reduction [13, 23-25] and their
differences in the following: types of electrolyte (alkaline-aqueous solutions, protonionic membranes, with
solid polymer electrolytes); solid oxide electrolyte - ceramics Zr-Y (with the conductivity of oxygen ions).
Electrolytes filled with various electrolytes dissolve in different ways.

Electrolysis with an alkaline electrolyte is accompanied by the following chemical reactions [23]:

Cathode reaction: 2H,O + 2e — H, + 20H"

Anode reaction: 20H — 1/20, + 2e
Total reaction: H,O + electric current — H, + 1/20,. (10)

And if a polymer proton membrane is present in the cell, the water decay occurs as a result of the
following reactions [23, 26]:

Anode reaction: H,O — 1/20, + 2H" + 2¢ (11)
Cathode reaction: 2H" + 2e — H, (12)
Total reaction: H,O + electric current — H, + % O,. (13)

Solid oxide ceramic materials are used in solid oxide electrolysers as electrolytes (usually stabilized
with yttrium oxide).In such cells, cathodic water absorbs electrons from the outer layer and forms
hydrogen, as well as negative oxygen ions, which in turn transfer electrons to the outer chains in the anode
and become oxygen in the gas [26]. The problem is that cells with a solid oxide ceramic electrolyte
function operate at high temperatures (about 800-1000°C), and electrolysers equipped with protonionic
membranes function at 80-200°C, an electrolyser filled with an alkaline electrolyte at 50-200°C. These
differences are associated with the use of heat obtained at high temperatures from other sources in the
activity of these cells (including nuclear energy), thereby reducing energy costs for electrolysis.

In some works [27] new types of electrolyzer are proposed. In this type, the anode and cathode
chambers are placed separately; they have a cathode and an anode, whereas the second pair of electrodes
is usually made of a ruthenium oxide material that does not interact with short-circuited oxygen.

The cost of hydrogen hydrolysis will affect the cost of electricity [13,23].Therefore, modern research
of wastewater technology should be focused on the search for new electrode materials and electrolytes,
which save energy and increase the efficiency of the process.

To reduce energy costs and associated financial costs, it is necessary to use methods that generate
electricity without reducing costs. The value of hydrogen obtained at that time is also small. Such
technologies are primarily associated with the production of energy from alternative sources - the Sun,
Wind, Hydrothermal. The use of solar energy is a promising method. In this case, both hydrogen and
electrical energy must be taken from renewable sources - water and the Sun. For example, consider the
production of hydrogen by photolitical methods.In the case of electrochemical water splitting, the anode
generally is a compound having a semiconductor effect, and electrolyte and electron-hole pairs are formed
at the anode boundary under the influence of light, these pairs contribute to the oxidation and reduction
reactions of water, and as a result, hydrogen and oxygen form from the water. Fusikima and Honda in
1972 for the first time described the device built into the H,SO,4 solution, first combining the TiO,-
photoanode and the Pt-cathode. This information is then presented in this paper [28].As a result of the use
of semiconductor photovoltaics, various studies have been carried out to increase the efficiency of
hydrogen evolution from water.
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It is not necessary to completely decompose water during photoelectrolysis to produce hydrogen.It is
sufficient to conduct a cathodic reaction in which only hydrogen is formed:

2H,0 + 2¢” — 20H- + H,1 (14)

The free electrons that are necessary for this reaction can be obtained from other reactions, and not
only from anodic oxidation, for example, from the oxidation of sulfide ions or other compounds [29]. In
this regard, as a photoanode, as a rule, a compound that absorbs light well but with a smaller forbidden
band (for example, AIIBVI, AIIIBV, SnS, etc.) is used, rather than semiconductor metal oxides with a
band gap in the range 2.7 to 3.2 eV. From a theoretical point of view, this method contributes to the
efficiency of the process of converting solar energy into hydrogen energy [28].

The creation of photovoltaic systems, which can be used for semiconductor anodes sensitive to the
visible spectrum of solar radiation and effective absorption of hydrogen cathodes, is a new direction in the
creation of a solar irradiation and accumulation system [28].

One of the most important ways of obtaining hydrogen is the decomposition of water at high
temperatures. Thermolysis of water by the direct method:

H20—>H2+ 1/202 (15)

To conduct this reaction, the temperature must be above 2500°C, and hydrogen and oxygen must be
separated by efficient methods [30, 16]. The problem of separation of hydrogen and oxygen from each
other is realized by using thermochemical cycles at extremely low temperatures [19, 16, 18] or
thermochemical hybrid processes of thermal decomposition of water [16,30], in this case we use nuclear
reactors heat and other solar collectors heat sources [31].

In the production of hydrogen, the cycles of reactions of chemically active compounds arising at high
temperatures in a thermochemical process, such as iodine and sulfur, are used. More than 100 chemical
cycles are recommended for this process. The most effective and promising method for these cycles is the
use of iodine and sulfur reactions. This method was proposed by General Atomics in mid-1970. In this
system, water reacts with SO, and iodine (I,), which leads to the formation of sulfuric acid and iodide
(HI):

12 + SOz + 2H20 — 2HI + HzSO4 (16)

At a temperature of 800-1000°C in a thermal nuclear reactor, sulfuric acid decomposes in water into
sulfur dioxide (SO,) and oxygen, and HI decomposes into hydrogen and iodine:

H,SO,4 + heat — H,O + SO, + 1/20, (17)
2HI + heat — H, + I,. (18)
Total reaction: H,O + heat — H, + 1/20, (19)

Iodine and SO, react with water again, and oxygen is removed from the system or collected for use in
production. In the modern world in reactor designs, the maximum operating temperature is about ~ 827°C
[12].

The thermochemical hybrid process is a combined cycle process that combines the thermochemical
and electrolytic reactions of water decomposition and allows the electrons to react at low temperatures
[12]. Modern nuclear reactors or solar energy concentrators can serve as a source of energy necessary for
the reaction. It was suggested that the main contribution to the development of hydrogen energy will take
place if an industrial hybrid thermochemical process is established [32].

Technology based on thermal ionization of water vapor also requires attention.This method is the
basis for the thermal decomposition of the leading and conventional water, as well as the basis of
technology aimed at burning highly heated water vapor [33]. The main stages of this technology include
special preparation and activation of water, heat treatment of high heated steam, its thermonuclear
activation, subsequent dissociation (using this catalyst this pair of H, and O,) and burning on a special
catalyst surface.
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The most important sources of energy production when extracting hydrogen from biomass are wood
and wood waste, agricultural crops,and waste generated during processing, solid waste in the city, food
industry waste, algae, etc. Biomass is of great interest for hydrogen production. First, biomass is
considered one of the many uses of renewable resources. According to The International Institute for
Applied Systems Analysis, the biomass potential in the world is about 250 billion GJ. It is expected that
this potential by 2050will grow to 350 billion GJ [23].

Secondly, biomass is a substance consisting of organic components formed by the absorption of
carbon dioxide from the atmosphere after photosynthesis. Since the first types of biomass are renewed,
carbon dioxide and other types of carbon can be used in the atmosphere as energy or material. Since the
CO; concentration in this cycle is theoretically stable, it can be expected that the future biomass will
become the main source of renewable energy [34].

Thirdly, comparing some other methods of obtaining hydrogen and taking into account the
geographical location, biomass is relatively common in the world.

Fourth, in addition to the heat released during the production of hydrogen, biomass can be valuable as
auxiliary products: glues, black powder, activated carbon, polymers, fertilizers, ethanol, various acids,
Fisher-Tropys diesel fuel, paraffin, and methanol. Energy and biomass products are likely to satisfy the
demand for them in the future. Removal of hydrogen from biomass is divided into two groups, one of
which is pyrolysis of biomass.

Pyrolysis is the heating of biomass at a pressure of 0.1-0.5 MPa at a temperature equal to 650-800 K.
As a result, solid and liquid products are formed [35,36]. Depending on the nature of the pyrolysis
biomass, H,, CH4, CO, CO, and other gases are present in the gas products.Liquid products contain resins
and oils that store the liquid form at room temperature. Solid products consist mainly of flammable
substances in the form of residues that are formedfrom the rectification of coal, as well as from some pure
carbon and some other inert substances. Pyrolysis of biomass is mainly concentrated on biofuel, but also
during high-temperature pyrolysis and when the volatile phase is stabilized, hydrogen is formed by the
following reaction:

biomass + heat—H, + CH, + CO + other products (20)

Methane and a couple of other hydrocarbons can then be modified to produce hydrogen by steam:
CH, + H,0 — CO + 3H, (21)
and then the amount of hydrogen increases as a result of the interaction of CO, with water:
CO + H,0 — CO, + H, (22)

Liquid pyrolysis products can also be used to extract hydrogen. Depending on their solubility in
water, they are divided into two fractions. The water-soluble fraction is used to extract hydrogen and the
insoluble fraction is used to absorb the adhesives [37].

Hydrogen is also produced by gasification of biomass.Gasification is the thermal treatment of
biomass by a large number of gaseous substances, and a small amount of resin and ash. This process is
essentially similar to gasification of coal and is carried out at 950-1500 K [38, 39]. Unlike gas cleaning of
biomass it is carried out in the presence of oxygen or air. This biomass conversion process is based on the
following reaction:

biomass + heat + vapor — H, + CH4 + CO + CO, + light and heavy hydrocarbons + carbon
flammable waste generated during rectification (23)

The gasification process can be considered as one of the types of pyrolysis, but at very high
temperatures, since it is necessary to optimize the formation of the gas phase, and pyrolysis is aimed at
obtaining biomass. Gas products obtained during gasification are then converted to hydrogen under the
influence of water vapor. Hydrogen can be produced biochemically. Biochemical production of hydrogen
(biohydrogen) as a substance of the metabolism of microorganisms is a relatively new technology. This
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method allows extracting hydrogen from renewable sources. This, in turn, contributes to the development
of hydrogen energy in the future [36]. The production of biohydrogen can be divided into several
groups:1) direct biophotolysis; 2) indirect biophotolysis; 3) biological shift of the gas-water reaction 4)
fermentation [40].

The hydrogen production by direct bio-photolysis is a biological process using photosynthetic
microalgae, which is aimed at converting solar energy into hydrogen in the form of chemical energy [41].

2H,0 + solar energy— 2H, + O,. (24)

Two photosynthetic systems are necessary for photosynthesis:1) I photosystem (PSI), which actually
produces a CO, gas reducer and II photosystem (PSII) - system of water decomposition and oxygen
separation. In a biophytolytic process, two water protons with PSI recovers CO, gas or releases hydrogen
in the presence of hydrogenase.Since green plants do not contain hydrogenase, only the CO, reduction
reaction takes place. In contrast, green and cyanobacterial (blue-green) microbes contain hydrogenases
that are capable of producing hydrogen.In this process, the electrons formed as a result of the absorption
of the light energy of the PSII system are converted to ferredoxin (Fd). This replacement occurs for the
production of hydrogen as a result of the use of solar energy absorbed by the PSI system.

Since the hydrogenase is sensitive to oxygen, it is necessary to maintain the oxygen content at low
levels (<0.1%) in order to prolong hydrogen production [42].

Indirect biophytolysis consists of the following four stages:1) biomass production by photosynthesis;
2) biomass concentration; 3) deep fermentation of anaerobic, resulting in the formation of algae cells 4
moles of H2, which is calculated for 1 mole of glucose and 2 moles of acetate; 4) conversion of two moles
of acetate to hydrogen.

Usually in indirect biophotosynthesis cyanobacteria are used, in this case, hydrogen is obtained by the
following reactions [40]:

12H,0 + 6CO,; — C¢H ;04 + 60, (25)
C6H1206 + 12H20 — 12H2 + 6C02 (26)

The production rate of hydrogen produced by indirect bio-photolysis can be compared with the
production of hydrogen on the basis of hydrogenase with the help of green algae [42].

Hydrogen-rich carbohydrate compounds (eg, glucose, starch, etc.) can be obtained at temperatures of
30 to 80 °C and at atmospheric pressure, especially in the dark, by fermentation [36, 43].

In contrast to the usual process of bio-photolysis, in which only hydrogen is released, the difference in
this method lies mainly in the fact that the fermentation products are hydrogen and CO,.

However, the formation of other gases (CHy4, H,S) takes place depending on the materials used and
the reactions occurring in the process. The amount of hydrogen released affects the direction of
fermentation and the resulting liquid products. For example, when glucose is used, and acetic acid is the
final product of fermentation:

CeH ;06 + 2H,0 — 4H, + 2CH;COOH + 2CO, (27)
(In this reaction, from 1 mole of glucose, 4 moles of H2).
And if fatty acids are formed as the final product:
Ce¢H 1206 + 2H,0 — CH,CH,CH,OOH + 2H, + CO»(28)
(from 1 mole of glucose, 2 moles of H,).

But usually, in fact, 1 mole of glucose does not form 4 moles of hydrogen, because the fermentation
product contains acetic acid and fatty acid ester [44].
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In the dark, the amount of hydrogen produced by the fermentation method depends on the average
pH, the time of hydraulic confinement and the partial gas pressure. For optimum hydrogen production
conditions, it is necessary to keep the pH at 5-6 [36].

Alanaerobiumhydrogeniformanshaloalkaliphilic bacteria can produce 5- and 6-carbon sugars from
hydrogen-containing hemicellulose and cellulose [45].

In addition to pure sugars and industrial raw materials, raw materials for the production of fermented
hydrogen are considered (for example, agricultural and food waste and solid organic waste, including
urban and agricultural waste and sewage sludge).However, the production of hydrogen from these raw
materials has a number of disadvantages, one of which is the low yield of hydrogen. This method is
currently realized by simple fermentation of sugar [46].

By combining photo fermentation in the dark, you can double the yield of hydrogen in a two-stage
hybrid system. In the first stage anaerobic bacteria decompose glucose or starch acetate with enzymatic
metabolism, and the resulting acetate is subjected to hydrogen direct photosynthetic bacterial changes in
the second stage [47].

Conclusion

In industry today, only natural gas conversion, coal gasification and water electrolysis are used. Steam
conversion of natural gas is one of the cheapest ways to use natural fuels, and CO, emissions in this
method are extremely low. Water electrolysis is more expensive and is used only to produce hydrogen
peroxide. If natural gas cost increasingis predicted, coal gasification method can be an alternative method
of producing hydrogen starting around 2030. Biomass gasification and its pyrolysis for hydrogen
production are at the research stage, but in the coming decades these methods are likely to become
alternative methods of hydrogen production.

Biomass gasification and its pyrolysis for hydrogen production are at the research stage, but in the
coming decades these methods are likely to become alternative methods of hydrogen production.
According to the long-term International Energy Agency forecast, hydrogen, obtained by biomass
gasification, will compete at a price with fully restored hydrogen, and its price will be the lowest among
the extracted raw materials.

Biomass gasification is the simplest and most economical way of producing renewable hydrogen.
This technology is likely to be the most advanced technology in the future. Hydrogen production from
renewable sources (wind energy, solar energy, hydrothermal energy, etc.) will be economically
advantageous for countries with a large number of renewable energy sources, for remote areas without
natural resources and for less populated areas (for example, peninsula and islands) or for the accumulation
of a huge amount energy from renewable energy sources.

In the long term, it will be necessary to produce hydrogen by a method without separating CO, or by
separating a very small amount of.Electrolysis using renewable hydrogen electricity, using the sun, wind,
hydrothermal energy, is maximum possible option, but these methods are not suitable for using hydrogen
as an energy carrier. Before achieving this goal, the extraction of hydrogen from natural resources is very
important, but the conservation and fixing of CO, gases are mandatory, especially in terms of
environmental safety.
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CYTEKTIK DHEPTETUKAHBIH KA3IPTT 3AMAHJIAFBI KAFJAMBI
JKOHE CYTEKTI AJTY DICTEPI

AHHoTauus. BipkaTtap ajipic jkoHE JKaKbIH IIETENNIK 91e0HeT Ko3/1epiHe cyiieHe OTBIPHII, CYTEKTIK dHEPreTHKa-HbIH
Ka3ipri 3aMaHOarbl XKarJalbl Typallbl JKOHE CYTeKTi ally oiicTepi »kaiblHaa miony xacaiaraH. CyTEKTiK SHEpreTHKaHbIH
Tabury Ka30a OalsIbIKTapFa HETI3eNITeH JOCTYPJIi SHEPTETHKAHBIH OaamMaibl TYpi OOJIBIN TaObIIATHIHBI KOPCETUITCH XKOHE
CYTEKTi ajly o/IiCTepiHIH TEXHHUKAJIBIK aCIEeKTepl CHIaTTalIFaH. DKOJOTHSJIBIK TYPFBIZAH Ta3a OOJIbIN TaObUIATHIH SHEPTHUs
TachIMAIAAYIIbl — CYTEKTIH OHJIPICTIK aJIbIHy 9JIICTEPiHIH YII KATErOPHsCHl CHNATTAIFaH. BipiHII KaTeropusra CyTeKTi
OHJIIPYIIH TEPMOXUMHUSIIBIK JKOJIIAPbl KAPAUTHIHBI, OHBIH 0ipi — TaOMFU ra3/biy OyJibl pu)OPMHHT] eKeHi kepceTiireH. by
9/1ic TaOWFU ra3/ibl OPTYPIIi TOTHIKTHIPFBIIITAPMEH 3CEp €TY apKbUIbl KOHBEpCHsUIay Il Ko3aeiai. COHbIMEH KaTap METaH/IbI
TOJIBIK EMEC TYPJIE TOTHIKTHIPY, ABTOTEPMAIIAbI pUPOPMHUHT, KOMIP/Ii CYJIBI-Ta3/[bl KOHBEPCHSIAY dICTEPi KAPACTHIPBLUIFAH.

CyTeKTi eHAIpYy 9JiCTEPiHIH EKiHIII TOOBIH MIEKTPONUTTIK ojicTep Kypaiiapl. OHBI illliHe KOH1I 06yl Tanam eTeTiHi
— cy anekrpoiusi. Kasipri 3amanma CyTeKTi aylblH Kelemieri 0ap TeXHOJOTHSCHI — CYIbl 3JEKTP TOTBIHBIH 9CEpiMEH
Kypamyac GeikTepiHe - CyTeKKe )KOHE OTTEKKE BIIBIPATATHIH CTAHAAPTTHI AICKTPOIIH3.

Keiiinri sxbuiaapbl CyTeKTi anyAblH Oacka Ja omicTepi »kacanblm, nambin keieni. OnmapablH imiHae OnoMaccaHbl
ra3JaHjibIpy *OHE OHbIH IMUPOJIM3IH XKYPri3y, odapabl Oip-OipiHeH albIpMalIbUIbIFbl KAPACTHIPbUIFAH. BapiblK oxicTepain
©31H/IIK apTHIKIIBUIBIKTAPBI MCH KEMILUTIKTEPiHiH 0ap eKeHi KOpPCeTUIreH.
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COBPEMEHHOE COCTOSIHUE BOJOPOJHOI SHEPTETUKHA
H CIIOCOBBI ITIOJYYEHUS BOAOPOJA

AnHotauus. I[IpoBeneH 0030p O COBPEMEHHOM COCTOSHHU BOJOPOIHOW JHEPTeTHKH M CIIOCO0ax IONyIeHHS
BOJIOPOJIA C UCIOJIb30BAaHMEM JINTEPATYPHBIX UCTOUHHKOB OJIMDKHEro M JalibHero 3apyOexbs. [TokazaHo, 4To BOJOPOIHAS
JHEpreThKa SIBISIETCS albTEePHATHBOW TPAJAUIIMOHHON YHEPTreTHKE, OCHOBAHHOW Ha NMPHPOJHBIX MCKOIAEMbIX M OIHCAHBI
TEXHUYECKHE ACIEKThI CIIOCOO0B MOJYyYEeHUs Bojopoa. [IpuBeieHO onucaHue TpexX KaTeropHuH MPOMBIIUICHHBIX METOO0B
MOJIyYEeHUs! BOJOPOJA — HKOJOTMYECKM YHMCTOro 3HeproHocutens. [loka3aHo, 4YTO K INEpBOH KaTeropuu OTHOCSTCS
TEPMOXUMHYECKHE CIIOCOOBI MOTYyYSHUSI BOJOPOA, OAHUM M3 KOTOPBIX SIBISETCS MAapOBOW pH(OPMHUHT MPUPOTHOTO Tasza.
Hapsiny ¢ »TuM paccMOTpeHBbI CHOCOOBI YAaCTHUYHOTO OKHCIICHHS METaHa, aBTOTEpPMalbHbIH pHU(OPMUHI, Hapora3oBas
KOHBEPCHS yTJISl.

Bropyro rpymnmy crnocoboB NOJIy4eHHS BOJOpOJAa NPEACTaBISIOT 3JIEKTpoiuTHueckue Mmeronsl. Cpean HuxX
3aCIIyKMBAIOIIUI BHUMAHUs CIIOCOO — 3JIEKTPOJHM3 BOIBL. B Hacrosiee BpeMs MEPCHEKTUBHAS TEXHOJOTHS IONYYEHHS
BOJIOpOJIa — CTaHAAPTHBIA 3JIEKTPOJIM3, pas3liaralolluidi BOJAY Ha €€ COCTaBISIOIIME — BOJOPOA M KHCIOpPOJ MpHU
MPOITyCKAHHUU JIEKTPHUECKOTO TOKA.

B nocniennue roapl pazpabaThIBalOTCS U pa3BUBAIOTCS JPYTUE CIOCOOBI MOJy4deHus Bojxopoaa. OmucaHbl criocoObl
razuuKanuy OMOMAacChl ¥ MUPOJIN3 OHOMACCHl, PACCMOTPEHBI UX pa3nuuuss. [loka3aHo, 9TO BCe pacCMOTPEHHBIE METOIBI
HUMEIOT CBOY KaK IMPEHMYILECTBA, TAK U HEOCTATKU.
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ISOMERIZATION OF LIGHT FRACTION OF STRAIGHT-RUN
GASOLINE ON Pt-AND Pd-CATALYSTS SUPPORTED ON PILLARED BY
Al, AlZr AND Ti MONTMORILLONITE IN Na-AND Ca-FORMS

Abstract. The paper presents data on isomerization of the light fraction of straight-run gasoline on the zeolite-
free and mordenite-containing Pt and Pd- catalysts supported on activated and pillared by Al, AlZr and Ti
montmorillonite in Na- and Ca-forms. The catalysts were characterized by BET, X-ray phase,and elemental analysis,
and their acid properties were determined by thermal desorption of ammonia. It is shown that the isomerization of
the light fraction of straight-run gasoline over mordenite-containing Pd / AlZrCaHMM, Pt / Al (2.5) NaHMM and Pt
/ Ti (5.0) NaHMM catalysts at different temperatures leads to a significant change in the composition of gasoline and
an increase in octane numbers. The greatest amount of isomers produced during the isomerization of the light
fraction of gasoline was found on a Pt/ Al catalyst (26.48%), followed by Pd / AlZr (23.56%), followed by Pt / Ti
(23.15%). A comparison of the results on the acidity of the catalysts studied and their strength distribution shows that
a correlation is observed between the total number of weak and medium acid sites and the isomerizing activity of the
catalysts studied. For further practical use in the process of isomerization of light n-alkanes, 0.35% Pt / Al (2.5)
NaHMM catalyst is proposed. The catalyst is characterized by a high yield of isomers, increased selectivity of
isomerization of n-alkanes, operates at atmospheric pressure and a temperature of 350 ° C, and is characterized by
increased stability.

Key words: the isomerization, straight-run gasoline, easy n- alkanes, mordenite, a pillarization, Pt and Pd-
catalysts, octane numbers, selectivity.

Introduction. The process of an isomerization of paraffin hydrocarbons of oil has acquired high
relevance in connection with the transition to use of more effective and ecologically safe fuels [1-4] in
recent years. One of the ecologically safest ways of improvement of anti-detonation properties of straight-
run gasolines is the use of process of a catalytic isomerization of n- alkanes with receiving high-octane
isomers on effective Pt and Pd-catalysts [5-8]. Pt, Pd and Ni-catalysts on pillared montmorillonite have
perfectly proved in this process [9-12]. On the example of the process of an isomerization of n- hexane it
has been shown that the main advantage of these catalysts their high selectivity to isomers is represented.
It has been noticed that on the developed catalysts at temperatures of 250-300°C reactions of
hydrocracking practically don't go, and only at more high temperatures in products of reaction there are
small amounts gaseous C;-C; of the hydrocarbons which are formed as a result of hydrocracking [13,14].

The isomerization of the real light fractions of oil consisting generally of pentanes of Cs and Cs
hexanes gains the increasing value in connection with toughening of ecological requirements to motor
fuels and need of production of alkylgasolines with high octane number [15,16]. Earlier it has been shown
that on reduction of stationary isomerization activity in reaction of hydroconversion of n-hexane the
developed Pt-and Pd-catalysts on pillared with various oxides montmorillonite it is possible to arrange in
following row: Pt/Al (2,5) NaHMM (53.0%)>Pd/Al:Zr(1:1)CaHMM (35,0%)> Pt/Ti (5,0) NaHMM+ HM
(34,0 of %)>Pd/Al:Zr (3:1) CaHMM(31,0%)>0,1%Pt/Al(5,0)0NaHMM+HM(20,2%). Due to stated, the
present article is devoted to a research of properties of the mordenitecontaining Pt-and Pd-catalysts
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supported on pillared Al, AlZrandTi the activated montmorillonite in an isomerization of easy fraction of
straight-run gasoline (b.b. - 70°C) depending on temperature.

Experimental part Clay of Tagandeposit (Kazakhstan), containing up to 95% of montmorillonite
(MM) in Na-and Ca-forms transferred to the H-form processing 0,1n H,SO, solution with the subsequent
washing from SO,*ions. The activated clay was formed, dried in a thin layer at first at the room
temperature, then at 150°C and further subjected to calcinating at 500°C. The prepared MM in H-form was
used as initial material for a pillaring.

Introduction in interlayered spaces of montmorillonite aluminum, aluminum - zirconium and titanic
complexes was carried out by the known techniques. Synthesis of Al-ZrCAHMM was carried out
sequential:at first pillared by Al, and then by Zr. The received pillared clays separated bycentrifugation,
washed before negative reaction to Cl - ions, formed, dried at first at the room temperature, then at 150°C
and further subjected to calcinating at 500°C.

Pt-and Pd-catalysts on the basis of the modified clays in the mix with mordenite (15%, with the
module 20) prepared by an impregnation method on moisture capacity of carriers water H,PtClg or PdCI,
solutions. Samples formed, dried on air and in a drying cabinet, calcinated at temperatures of 200, 400 and
500°C with decomposition of salts to oxides and the subsequent reduction of oxides to a metal state when
processing by hydrogen at temperatures of 200 and 450°C. Content of platinum and palladium in catalysts
was 0,35mas. %. Tests of catalysts carried out in flowing laboratory installation with a volume of catalyst
of 5 ml at temperatures of 250-400°C, mass loading on hydrocarbon raw materials 0,8h™', pressure of
hydrogen 1 atm and a molar ratio hydrogen: hydrocarbons, equal 3,5. Products of reaction were analyzed
on the gas chromatograph"Chromos GH-1000" supplied with a capillary column 100 m long, diameter
0,25mm and the flame-ionization detector.

Physical and chemical characteristics of the prepared samples have been determined by the X-ray
method, the element analysis, low-temperature adsorption of N, by BET method on the ACCUSORB
device, and acid properties - an ammonia thermal desorption method.

Results and their discussion

According to the X-ray phase analysis(RFA) all catalysts contain the reflexes characteristic for Ca-
and Na-forms of the MM (2,50; 4,45; 14,6), quartz (3,34), mordenite (3,44; 3,96; 6,5; 9,08; 10,2),
platinum or palladium and also oxides of pillared ions-Al,Os;, TiO, — anatase, the tetragonal phase ZrO,
(3,00 and 1,84). According to RFA on 0,35%Pt/Ti (2,5) NAHMM-catalyst besides the above-named
phases metal Ti (ASTM 5-682) and metal Pt is identified (ASTM 4-802 on reflexes 2,26; 1,95; 1,39).
According to a data of X-ray fluorescent analysis except the elements making a basis of aluminosilicates
Al, Si, O, the catalyst contains small amounts of Mg, Ca, Fe, insignificant quantities of Na, S, Cl (table 1).
Besides according to the element analysis, in 0,35% Pt/Ti (5.0) NaHMM+HM —catalyst 0,26% of Pt, 9,9%
of Ti are found.

Table 1 - The elemental analysis of Pt and Pd-catalysts supported on pillared MM and modified by mordenite.
0.35%Pt/Ti(5.0)NaHMM+HM

Element C [0) Na Mg | Al Si S Cl Ca Ti Fe Pt Total
Specter 1 9,04 | 48,18 | 0,08 | 0,71 | 11,59 | 19,68 | 0,04 | 0,17 0,20 9,81 0,19 | 0,32 | 100
Specter2 8,24 | 48,9 0,10 | 0,72 | 1198 19,62 | 0,04 | 0,19 0,19 9,85 0,31 | 0,28 | 100
Specter3 8,45 | 48,81 |09 0,74 | 10,84 | 20,32 | 0,00 | 0,12 0,19 10,06 | 0,19 | 0,18 | 100
Average 8,58 | 48,49 | 0,09 | 0,72 | 11,47 | 19,87 | 0,03 | 0,16 0,19 9,90 0,23 | 0,26 | 100
0,35%Pd/AlZrCaHMM+HM

Specter o Na Mg Al Si S Cl Ti Fe Zr Pd Total
Specter1 49,55 0,09 0,87 15,32 | 23,72 | 0,06 | 0,14 | 0,09 | 0,69 9,36 0,14 100,00
Specter2 49,46 0,07 0,82 14,34 | 24,78 | 0,06 | 0,10 | 0,14 | 0,74 9,34 0,14 100,00
Specter3 49,79 0,09 0,84 13,92 | 24,67 | 0,05 | 0,11 | 0,11 | 0,79 9,43 0,22 100,00
Average 49,60 0,08 0,84 14,53 | 24,39 | 0,06 | 0,12 | 0,11 | 0,74 9,38 0,17 100,00

0,35% PY/Al(2,5) NaHMM+HM

Specter (0) Na Mg | Al Si S Cl Ca Fe Pt Total

Specterl 51,51 [ 0,13 | 1,30 | 2420 | 2191 |0,03 |0,07 |08 | 042 0,24 100,00
Specter2 51,65 | 0,13 | 1,27 | 24,76 | 21,33 | 0,02 | 0,05 | 0,17 | 0,39 0,27 100,00
Specter3 51,99 | 0,06 | 1,35 | 23,44 | 22,07 | 0,04 |[0,05 | 020 | 0,39 0,30 100,00
Average 51,7 0,14 | 1,31 | 24,13 | 21,77 | 0,03 | 0,06 | 0,19 | 0,40 0,27 100,00
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The elemental analysis of the 0,35%Pd/AlZrCaHMM+HM-catalyst has also shown decrease in
concentration of alkaline and alkaline-earthmetals in the course of activation, pillaring and supporting
active metal. The amount of sodium in the ready catalyst doesn't exceed 0,08mas. %. From data of table 1
it is visible that the average content of palladium in powder of the catalyst is 0,17% that in ~ 2 times are
lower, than calculated. Besides, small amounts of chlorine are found in powder of the catalyst, other
results of quantitative elementalanalysis of the catalyst in comparison with the support after palladium
introduction practically don't change. Similar results have been received in case of 0,35%Pt/Al (2,5)
NaHMM-+HM —catalyst. According to the analysis the amount of platinum in this catalyst is 0,27% that is
close to the introduced his quantity.

Textural properties of three studied catalysts are characterized by small decrease in a specific surface
of the catalyst when supporting platinum from 172,7 to 169,0 m%g in a case 0,35%Pt/Al (2,5)
NaHMM+HM (table 2) and from 190,7 to 182,7m%/g for 0,35%Pt/Ti (5) NaHMM+HM. The support of
these catalysts differs in the considerable maintenance of micropores which quantity grows when
supporting platinum. In case of the Pd-catalyst supported on pillared by Al and Zr montmorillonite in Ca-
form more essential reduction of a specific surface area and decreaseof quantity of microporesis observed.

Table 2 — Comparative structural and adsorptive properties of Al (2,5) NaHMM+HM, Ti (§) NaHMM+HM, AlZr (1:1)
CaHMM+HM, 0,35%Pt/Al (2,5) NaHMM+HM, 0,35%Pt/Ti (5) NaHMM+HM and 0.35% Pd/AlZrCaHMM+HM- catalysts

Sav., mz/g Total true volume Relative quantity, %
Sample of a pores, cm’/ g Micropores Mesopores
0-20 A 20-80 A
Al(2,5)NaHMM+HM 172,7 0,161 38,7 61,3
0,35%Pt/Al(2,5) NaHMM+HM 169,0 0,194 46,9 53,1
Ti(5)NaHMM+HM 190,7 0,190 32,2 67,8
0,35%Pt/Ti(5)NaHMM-+HM 182,7 0,176 33,7 66,3
AlZr (1:1) CaHMM+HM 249.9 0,167 70,7 29,3
0.35% PdAl1ZrCaHMM-+HM 228.,6 0,153 54,0 46,0

It is possible to see the growth of the amountof microporesand the decrease of amount of a mesopores
when supporting platinum by comparison of curves of distribution of a poresby the sizes in the support
and in Pt/Al (2,5) NaHMM+ HM - the catalyst (fig. 1).
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Figure 1- Distributions of a poreson their effective radiuses on Al(2,5)NaHMM-+HM
and 0,35Pt/Al (2,5) NaHMM+HM-catalysts. 1)Al(2,5) NaHMM+15%HM; 2)0,35Pt/Al (2,5) NaHMM+15%HM
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The listed above samples of catalysts, optimum on the isomerization activity, have been tested in an
isomerization of easy fraction of straight-run gasoline (b.b.-70°C). Light fraction of straight-run gasoline
(b.b. — 70°C) according to the chromatografy analysis contains Cs-C,s-hydrocarbons which on to group
composition consist from 15,9mass. % of paraffins, 12,5mass. % of isoparaffins, 1,0mass % of aromatic
compounds, 13,6mass. % of naftens and 43,9mass. % of olefins. The total number of the identified
compounds in initial light gasoline is 87,0% (table 3).

Table 3 - The group composition of initiallight fraction of straight-run gasoline, in mass. %

Groupon C- | b - ffins Isoparaffins Aromatic Naphtenes Olefines Oxygen- Sum on
hydro-carbon compounds containing C-group
1 0,001 0,000 0,000 0,000 0,000 0,000 0,001

3 0.030 0.000 0.000 0.000 0.000 0.000 0.030

4 2,270 0,438 0,000 0,000 0,498 0,000 3,205

5 11,748 0.049 0.000 0.000 0.353 0.000 12.151
6 0,000 0,000 0,000 0.000 0,203 0.000 0,203

7 0,000 6,087 0,000 8,614 41,458 0,000 56,159
8 0,000 4,146 0,913 4,880 0,149 0,000 10,088
9 0,791 1,495 0,013 0,082 1,338 0,000 3,719
10 1,040 0271 0,044 0,052 0,000 0,000 1,407
11 0,043 0,006 0,045 0,000 0,000 0,000 0,094
12 0,013 0,000 0,000 0,000 0,000 0,000 0,013
15 0,002 0,000 0,000 0,000 0,000 0,000 0,,002
Cymma 15,937 12,491 1,0158 13,628 43,999 0 87,072

The octane number of this fraction by a research method is equal 41,8 units.
Influence of temperature of an isomerization on the group composition of light fraction of straight-run
gasoline and change of the octane numbers in the course of hydroconversion on the studied catalysts is
presented in tables 4 and 5.

Table 4 - Influence of temperature and the nature of catalysts on the group composition of light fraction
of gasoline in the course of a catalytic isomerization

Sample T,°C Paraffins Isoparaffins | Aromatics Naphtenes | Olefines Oxygenconta-
ining

250 0.807 23.565 0.160 6.158 27.834 24.871
0,35%Pd/AlZrCaHMM | 300 0.181 10.543 8.697 17.292 31.713 0
+HM 350 8.727 7.522 9.116 6.309 31.481 13.321

400 14912 21.046 3.743 3.068 42916 0.287

250 0.667 10.401 1.787 19.032 55.836 0
0,35%Pt/Al(2,5)NaHM | 300 6.935 5.460 2.757 8.337 59.706 10.834
M+HM 350 24.530 26.484 6.854 24.523 1.193 0

400 3.812 2.483 4.973 2.857 9.442 52.661
0,35%Pt/Ti(5.0)NaHM | 250 6.896 23.151 0.998 21.457 40.641 0
M+HM 300 9.368 19.364 3.808 9.807 50.585 0

350 7.227 9.184 9.221 12.655 52.299 0.004

400 4.022 4.154 10.046 2.426 21.782 0

The isomerization of light fraction of straight-run gasoline on 0,35% Pd/AlZrCaHMM+HM - catalyst
at various temperatures leads to essential change of composition of gasoline and increase its octane
numbers (table 4,5). At 250°C the amount of the isoparaffins which is formed fromlightfraction of
straight-run gasoline on Pd/AlZrCaHMM-+HM considerably grows from 12,49 to 23,56 mas. %, and
amount of paraffin and aromatic hydrocarbons decreases (paraffin from 15,93 to 0,80 mas.% and aromatic
hydrocarbons from 1,01 to 0,16 mas. %). Such change of composition of gasoline is followed by growth
of octane number for 29 units by a research method and for 13 units by a motor method. Temperature
increase of an isomerization on 0,35%Pd/AlZrCaHMM - the catalyst to 300°C decreases the amount of
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paraffins from 15,93 to 0,18mas. % in comparison with the initial composition oflightfraction of straight-
run gasoline. In these conditions, the amounts ofisoparaffinsand olefinesalso decreaseby2 and 12%
accordingly. At the same time, the content of aromatic compounds grows more, than by 8 times. The
increase of octane number makes 11 units by a research method possibly due to increasein the amount of
aromatic hydrocarbons. At 350°C the content of paraffins and naphtenes decreases almost twice, and the
amount of aromatic hydrocarbons grows from 1,01 to 9,11mas. %. On this catalyst at 350°C the increase
of octane number makes 25 units by a research method. At 400°C the amount of paraffin decreases, and
isomers grows from 12,49 to 21,04mas. %. However anincreaseof the octane number of gasoline in these
conditions small (5 units) in comparison with octane number of initial gasoline that is possible caused by
the decreaseof a quantity of the identified compounds for 10,5%. It is possible to draw a conclusion on
isomerization ability of the studied catalysts by the amount of the isomers which are formed in process in
comparison with their quantity in initial gasoline. The greatest number of isomers, equal 26,48%, is found
on the Pt/Al-catalyst at 350°C (table 4), it is followed by Pd/AlZr (23,56%) at 250°C, and further Pt/Ti
(23,15%) at 250°C. The largest value of conversion of hydrocarbons about which it is possible to make a
conclusion isanincreaseof octane numbers was observed on the Pt/Ti-catalyst (table 5)

Table 5 - Influence of temperature and the nature of catalysts on the value
of octane numbers of light fraction of gasoline after an isomerization

Catalyst T,°C O.n.byresearch method Increase of o.n. O.n. by motor method
0,35%Pd/AlZrCaHMM+HM 250 70.96 29,1 63.23
300 52.81 10,95 40.62
350 67.15 25,29 53.62
400 46.75 4,89 42.38
0,35%Pt/Al(2,5)NaHMM-+HM 250 46.83 4,97 50.68
300 67.82 25,96 53.10
350 53.52 11,66 51.06
400 34.57 7,29 37.44
0,35%Pt/Ti(5.0)NaHMM-+HM 250 54.02 12,16 58.0
300 74.81 32,95 60.78
350 60.03 28,20 55.59
400 33.20 8,66 30.92
Initial gasoline 41.86 50.32

On reduction of a increase of octane numbers of the studied catalysts settle down in the sequence:
Pt/Ti(33,0)>Pd/AlZr(29,1)> Pt/Al(26,0). The highest increase in o.n., equal to 33.0, was observed on Pt /
Ti-catalyst at 300°C. All studied catalysts provide a high increase of 0. n. not only due to the formation of
isoalkanes, but also aromatic compounds with high o. n.From data table.4 it can be seen that the quantity
of aromatic compounds increases with increasing temperature on all catalysts, but the greatest quantity is
formed on Pt/Ti-catalyst at 350 and 400°C-9.2 and 10.0%, which explains the raised increase of o.n.
gasoline on this catalyst.

It is known that the selectivity of the isomerizing action of bifunctional catalysts is determined by the
ratio of acidic and hydro-dehydrating activities of the catalyst. In this regard, it is of interest to compare
the acidic properties of the studied catalysts (table.6) according to NH3 thermal desorption data.

When modifying mordenite Pt and Pd-catalysts, supported on pillared MM, redistribution of the acid
centers for the strength is observed (figure 2 and table 6). This is illustratedby figure 2 on the example of
Pd/AlZr.

From figure 2 it can be seen that the introduction of mordenite in Pd/AlZrCaHMM-catalysts a small
decrease in the total number of acid centers of different strengths is observed, regardless of the content of
Pd.

So, for the 0,1%Pd-catalyst the total acidity decreases from 220,3 to 211,0 mcmol NH3/g, and in case
of the 0,35%Pd-catalyst mordenite reduces acidity from 249,3 to 230,0 mcmol of NH3/g. Such reduction
of the total acidity is followed by redistribution of a.c.on strength. At the introduction of the mordenitethe
quantity of weak a. c. decreases, and keeping of middle and strong increases.
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Figure 2 - Curves of thermal desorption of NH3 from Pd/Al1ZrCaHMM-catalysts with various quantity
of Pd and modificationby mordenite

Table 6 — Distribution of acid centers in the mordenite containing Pt-and Pd-catalysts supported on pillared Al, Al-Zr and Ti

montmorillonite
Sample Quantity of acid | Acid centers
centers Weak <200°C Middle 200- | Strong> Total acidity
300°C 300°C

0,35%Pt/Al(2,5)NaH % 49,81 40,19 10,0 100
MM-+HM mcmolNH,;/g 106,89 86,24 21,46 214,6
0,35%Pd/Al:Zr % 44,51 42,55 12,94 100
CaHMM +HM mcmolNH;/g 102,38 97,87 29,76 230,0
0,35%Pt/Ti(5.0) % 45.42 44.06 10.52 100
NaHMM-+HM mcmolNH;/g 84.10 81.58 19.48 185.2

Comparison of results on acidity of the studied catalysts shows that on reduction of total acidity
catalysts it is possible to arrange in the following row: Pd/AlZrCaHMM+HM (230,0 mcmol NH;/g)>
Pt/Al(2,5)NaHMM+HM(214.6)> Pt/Ti(5.0) NaHMM-+HM (185.2). The same row on the decrease of the
sum of the weak and middle acid centers is observed for studied catalysts:Pd/AlZr (200,25)>
Pt/A1(193,13)>Pt/Ti (165,68 mcmol NH3/g). In the same sequence, the catalysts are arranged to reduce
the content of isomers formed during the hydroconversion of the light fraction of straight-run gasoline,
which indicates that the isomerizing activity is determined by the sum of weak and medium acid centers at
which isomerization is carried out.

Now the most modern of technologies of a skeletal isomerization of n- alkanes which are already used
in the industry [17-21] are the technologies with the use of Pt-catalysts on sulfated oxides of metals
developed in the late 90-ies by firms UOP (USA) - and JSC NPP Neftekhim (Russia, Krasnodar).
Comparison of the results received on the catalysts developed by us will be carried out with data on
sulfated zirconium oxide catalysts of UOP and JSC “Neftekhim” (table 7). From table 7 it is visible that
depth of processing of light alkanes on the example of n-hexane which was defined as the relation
2,2JIMB/2Cs, masses %, (depth of isomerization of n-hexane, DIH), hesitates in ~ identical limits 30-32
and 30-31 on the RussianCH-2 catalysts in process of Izomalk-2 at two different plants while in JSC
Ufaneftekhim depth of an isomerization of n-hexane was 18-22 that is possibly connected with more high
temperature of the process. On the similar catalyst of UOP of the brandPI-242 value of DIH was 20-27
that is also explained by more high temperature of process.

The laboratory and enlarged laboratory researches of the catalyst developed in IFCE have shown
higher depth of an isomerization of hexane equal 28-39mass. %, in comparison with modern
Pt/ZrOycatalysts. Despite more high temperature of carrying out process of an isomerization, the
selectivity on isomers remain very high -98-99%. The developed catalyst is characterized by increased
stability, easily regenerated and is certainly of interest for practical use.
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Table 7 - Indicators of isomerization process of n-alkanes on industrial UOP, JSC NPP “Neftekhim” and ITKE catalysts

Catalyst Petroleum refining plant | Process Processparame | Octane | Depthofanisomerizati
ters number | on, %
Pt/ZrO,-SO4(CHU-2) CJSC Isomalk-2 | T=130"C 83-84 DIH=30-32
RyazanskayaOQilRefinery P=2,8-2,9 MPa
Pt/ZrO,-SO4(CU-2) JSC Ufaneftekhim Isomalk-2 | T=170-180°C 81-82 DIH=18-22
P=3 MPa
Pt/Zr0,-SO4(CU-2) Kirishinefteorgsintez Isomalk-2 85 DIH=30-31
Pt/ZrO,-SO, (P1-242) uop Par-Isom | T=140-190°C 81-83 DIH=20-27
Pd/AlZrCaHMM+HM Laboratory of Institute of | Isomeriza- | T=300- 350°C DIH=28-39
fuel, catalysis and tionn -
electrochemistry hexane
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Al, AlZr ’KOHE Ti-men IINJVIJIAPUPJIEHI'EH Na- )KOHE Ca-®@OPMAJIBI MOHTMOPUJIJIOHUTKE
EHTT3I/ITEH Pt- )KOHE Pd-KATAJIN3ATOPJAPBIHIAYBI TIKEJIEUM AUJJAJTFAH BEH3UHHIH
KEHIJI @PAKHUACBIHBIH U30MEPU3ALUACHI

AnHortanus. byn xxymbicta Al, AlZr xone Ti-MeH nunnapupieHreH xoHe Oencenaipiaren Na- skoHe Ca-¢opmaisl
MOHTMOPHJUIOHHTKE €HTI3UIreH ICONUTCI3 KoHE MOpAEHUTKYpaMablPt- xoHe Pd-katanmszaropiapblHOarsl Tikenen
aiianran OCH3MHHIH JKeHiN (paKIMACHIHBIH M30MepieHyi OolblHIIA MoniMeTTep kentipinred. Katammusaropiapra BOT,
peHTreH(a3anblK kKOHE SJIEMEHTTIK Talgay dicTepiMeH cumarrtama Oepiijii, aMMHaK TepMOACCOPOLHUACH OOWBIHIIA
OJIap/blH KBIMIKBUIABIK KACHETTEPl aHBIKTaNAbl. beH3UHHIH XKeHUT (QpakIuachlH U30Mepiey HpoleciHae naiaa 6osaThlH
n3oMeprepin kebipex canbl Pt/Al(26,48%), cocein Pd/AlZr(23,56%), oman keiiin Pt/Ti (23,15%) katanmuzaTopiapbiHaa
TaOBUIABI. 3epTTENreH KaTaau3aTOpiaplAblH KBIIKBUIIBIK HOTIDKENIEepl MEH OJapAblH KyLITepi OOWBIHIIA TapalyblH
CaANBICTBIPFaH/a, oJCi3 JKOHE OpTalla KbIIKBULABI  OPTANBIKTAapAbIH CyMMANbIK MOJIIepi MeEH 3epTTeireH
KaTaJlM3aTopiapAblH U30Mepiiey OeJICeHIUIr apachiHaa e3apa OailyiaHblc 00NAaThIHBI KOpceTiai. bynan opi kapai sxeHin
K-aJIKaHAap/ibl n30Mepiey npouecrepinae kongany yuis 0,35%Pt/Al(2,5) NaHMM-karanu3aTopsl YCHIHBUIBL.

Tyiiin ce3mep: u3oMepiey, Tikened ainanraH OCH3MH, >KEHUIK-aJIKaHAap, MOPACHUT, muuiapupiey,Pt men Pd-
KaTaJM3aTOPIaPbl,0KTAH CaHbI, CEIEKTHBTLIIK.

YJK66.095.217.3; 665.633.2.
H.A. 3akapuna, O. Jpaenxanyisl, [[.A. ZKymanyanaes, A.K. Akypnekona, JI.C. [I:xymabaeBa
AO «MHCTUTYT TOIIMBa, KaTainu3a U snekTpoxumun uM. J[.B. Cokonbckoroy, r. Anmarsl

W3OMEPHU3BALIUA JETKOM ®PAKIIAA IPSIMOTOHHOI'O BEH3UHA HA Pt-
U Pd-KATAJIM3ATOPAX, HAHECEHHBIX HA ITUJIJTAPUPOBAHHBI Al,
AlZr 1 Ti MOHTMOPHWJIVIOHHUT B Na- U Ca-@OPMAX

AHHoTanus. B palore mnpuBeneHbl AaHHBIE 110 W30MEPHU3ALUM JIETKOM (pakiuu MPSIMOTOHHOrO OEH3MHA Ha
OecreonuTHRIX H  MopAeHuTcozepkammx Pt wu  Pd-karamm3aropaX, HaHECEHHBIX HAa aKTHBUPOBAaHHBIA H
nmutapupoBaHHbliiAl, AlZru Ti monT™Mopuionut B Na- u Ca-dopmax. KatanuszaTtopbl oxapakTepuU30BaHbl METOJAMHU
BOT, peHTreHo()a3o0BOro M 53JIEMEHTHOTO AaHAIM3a, ONPENENIeHbl WX KHCIOTHBIE CBOMCTBA IO TEPMOIECOPOLUH
ammuakaHaunOospiiee KOJMMYECTBO M30MEPOB, OOpa3yOLIMXCs B MPOLIECCE HM30MEPH3ALMU JIETKOM (pakuun OeH3WHA,
HaiineHo Ha Pt/Al-xaramusarope (26,48%), 3a HuMm crnenyer Pd/AlZr(23,56%), a manee Pt/Ti (23,15%). ComocTaBienue
PE3yJIbTATOB IO KUCIOTHOCTU M3YYEHHBIX KaTaIM3aTOPOB U MX PACHpPEAENICHUIO IO CHJIE NTOKA3bIBAET, YTO HAOIIONAETCs
KOPPEJISIIHS MEXITYy CYMMAapHBIM KOJIMYECTBOM CIIA0bIX M CPETHHX KHCIOTHBIX IEHTPOB M M30MEPH3YyIOUIeH aKTHBHOCTBIO
U3y4YEeHHBIX KaTanu3aTopoB. s nanbHEHIero MmpakTH4eCKOro HCIONb30BAHUS B NPOLECCE M30MEPU3ALUM JICTKUX H-
ankanoBnpeioxker 0,35%Pt/Al(2,5)NaHMM-karamuszarop.

KiroueBble ci10Ba: U30Mepu3anys, NPsIMOTOHHBIH OEH3MH, JIETKHUE H-aJIKaHbl, MOPJICHUT, NUIapupoBanue, Pt u Pd-
KaTaJH3aTOPhl, OKTAHOBBIE YHCIIA, CENIEKTHBHOCTb.
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DETERMINATION OF VANADIUM IN THE PRECASPIAN
REGION’S OIL BY THE EPR-SPECTROSCOPY METHOD

Abstract. In the article of 1977, it is considered the preparation of anisotropic EPR spectrum of a vanadyl ion
complex consisting of 8 lines of hyperfine structure, as a result of a decrease in the viscosity of Karazhanbas oil. In
recent years, lectures on EPR spectroscopy have been given in the subjects of petroleum chemistry and petroleum
geology for students of higher educational institutions. The practical side of this lecture should begin with a simple
isotropic vanadium spectrum. A method is proposed for determining vanadium and FR in crude oils at a temperature
of liquid nitrogen. An important scientific and practical result of the proposed new method for the determination of
vanadium in crude oils, in contrast to the method of American authors, is a reduction in nitrogen consumption, and
an additional advantage of the method consists in reducing the cost of the process, since the use of an expensive
temperature attachment is excluded. The EPR method is also proposed to estimate the total amount of vanadium in
oil zones based on the interaction of V,0s with concentrated hydrochloric acid. The standard photocolorimetric
method for the determination of vanadium in oil ash can be replaced by a more rapid and selective EPR technique.

Keywords: organic free radicals, vanadyl ion VO*', electron paramagnetic resonance, isotropic vanadium
spectrum, anisotropic vanadium spectrum.

The first report on the paramagnetism of crude oils was made by N.S. Garifiyanov and B.M. Kozyrev
in 1956 [1] who, while studying the oil of the Bavly field in the EPR spectrum, found a single absorption
line with a g-factor equal to 2 (Fig. 1). H.K. Gutovsky and co-workers [2] found that most crude oils
produce an EPR spectrum, this spectrum consisting of a single line with a g-factor of 2.009, a width of
about 4.5 Oe, and hyperfine structure lines.

Figure 1-Electronic paramagnetic resonance in oil samples of the Bavly deposit (Tataria).
A single line is due to the free radical (R -) of the asphaltene structure [2]
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The latter was attributed to a paramagnetic vanadyl ion, and the singlet was due to free carbon bonds
in condensed aromatic structures in colloidal particles of asphaltenes (Fig. 2).

A large number of lines indicates the anisotropic nature of the hyperfine interaction of an unpaired
electron with the nuclear magnetic moment of the vanadium (spin of the nucleus - 1,=7/2). The anisotropy
of hyperfine interaction is caused by the high viscosity of the oil.

R. Nasirov and S.P. Solodovnikov [3,4] found that dissolution of oil in toluene (1:3.55) and heating to
120 °C in a vacuum sealed ampoule result in the complex anisotropic spectrum transforming into a simple
isotropic spectrum consisting of 8 hyperfine structure lines (HFS) due to the interaction of an unpaired
electron with the nuclear magnetic moment of the vanadium (nuclear spin - [,=7/2), as is seen in Fig. 3.
The narrow (AH = 7+0.5 G) intense line at the center of the spectrum belongs to the so-called "free
radical" (Re).
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Figure 2- EPR spectrum of the Karazhanbas oil (well No. 851) at room temperature: the hyperfine lines I;;-8;; and 11-81 belong to
the oxo-vanadyl VO®* cations, and the single line in the high field refers to the free radical

Figure 3-Isotropic EPR spectrum of vanadyl complexes (VO*") of mixtures
of the Karazhanbas oil with toluene (1:3.55) at + 120 °C

EPR spectra were recorded on the E-12 spectrometer of the "Varian" company at a frequency of 9000
MHz with a magnetic field strength of 3000 Oe. As a standard, the Urikhtau oil of the Emba region with a
vanadium content of 28 g/t was used. For measurements, a double resonator was used, which makes it
possible to monitor the recordings of each spectrum with the help of the "Strong pich" reference sample
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included in the instrument. The amount of vanadium in the investigated oil samples was determined
directly from the EPR spectra with the hyperfine structure of the complexes of tetravalent vanadium (see
Fig. 4). The lines of HFS 1;; — 8y and 1, — 8, belong to the oxo-vanadyl VO?* cations. Of the two intense

central lines, the line in the low field refers to the highest peak of 4 HFS VO™, and a single line in the
high field - to the "coal" free radical. To determine the V*" content, the amplitude of the most intense line

of the spectrum, which is adjacent to a single line of the free radical in the region of a weaker magnetic
field, was measured.

.

Ay

Figure 4-The central parts of the EPR spectrum (at liquid nitrogen temperature) of the oil of the Urikhtau deposit, well # 8: I, - the
amplitude of the vanadium signal, Icp - the amplitude of the FR signal

The V* content was determined by comparing the spectral amplitudes of the investigated sample Iy
and the standard I, by the formula: Cy = Iyl, /I I,, where L., - the amplitude of the reference sample
line when recording the standard spectrum; I, - the amplitude of the same line when recording the
spectrum of the sample. It was assumed that the widths of the spectral lines of the sample and the standard
are the same.

On the recommendation of the American authors [5], the EPR spectra of V*" are measured at a
temperature of -90°C, at which the oil hardens, and the amplitude of the measured signal does not depend
on the viscosity of the oil. Thermostating of the sample was carried out by blowing it with nitrogen gas,
heated to a given temperature.

Of particular interest was the effect on the accuracy of the determination of vanadium in oils extracted
from different wells, the use of liquid nitrogen temperature (-196°C), which greatly expands the
possibilities of laboratory determination of vanadium and increases the efficiency of the method.

Before using liquid nitrogen as a coolant in the determination of vanadium, it was necessary to
investigate the nature of the saturation curves of EPR signals V** depending on the power P of ultra-high
frequency, since such a dependence exists.

Figure 5 shows the saturation curves of the V*" EPR signal as a function of the square root of the
UHF power taken in a special double resonator at various temperatures.

In the first case, a quartz Dewar vessel (Figure 6) containing an ampoule with oil in liquid nitrogen
was located in one resonator, in the second resonator, there was the standard "Strong pitch" of the E-12
spectrometer of the Varian company, used to monitor the UHF power.

In the second case, in the determination of vanadium at -90°C, a quartz vacuum-treated tube with the
oil sample was used in one resonator through which nitrogen vapors of the corresponding temperature
were blown, in the second resonator, there was a standard.

Since, in the absence of saturation, the intensity of the EPR signal is I~ VP, the intensity of the
standard was a relative measure used as the scale of abscissas in Fig. 5.
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Figure 5 - Dependence of intensity change I EPR V*' of oil of the South-East Kamyshitovoye field on /P .
Well 1: 1 - at-196 °C, 3- at -90 °C; well 16: 2 - at -196 °C, 4 - at -90 °C

ety

Figure 6-System for measuring EPR spectra of oils at liquid nitrogen temperature:
1 - Dewar vessel; 2 - ampoule with oil; 3 - liquid nitrogen

Table 1- Results of the V** determination in the region of linear dependence
of I on /P on the South-East Kamyshitovoye deposit

N of well V7 it
—90°C | —196°C

1 25.0 25.0
2 68.6 40.0
3 10.3 10.6
4 16.8 16.5
5 15.5 15.7
14 36.7 34.7
16 71.0 68.3
19 24.6 24.1
21 112 10.5
110 71.1 70.8
111 343 35.0
115 145 14.1
117 10.9 10.2
123 10.2 10.3
120 11.6 10.6

As can be seen from Figure 5, there is a significant region of linear dependence of I on+/P , in which
a correct determination of the V*" vanadium content is possible at both -90 °C and -196 °C. Regardless of
the concentration of vanadium (see wells 1 and 16 in Table 1), the regions of linear dependence for the
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same temperature are approximately the same, but differ significantly at different temperatures: at -196
°C, the linear section is about 3 times shorter than at -90 °C.

Table 1 presents a good correspondence of the data, which makes it possible to recommend the use of
liquid nitrogen as a coolant in mass laboratory determinations of vanadium.

In order to improve the standard photocolorimetric method for determination of vanadium in oil ash, a
more rapid method was proposed for estimating the total amount of vanadium in oil ash, based on the
interaction of V,0Os with concentrated hydrochloric acid according to the following scheme:

V205 + 6HCI < 2VOC12 + Clz + 3H20 .

Figure 7 shows the anisotropic EPR spectrum of vanadium chloride formed from reactive vanadium
oxide. The same spectrum was obtained from the ash of Kalamkas oil, well N 52 (Fig. 7) and other oils.
The concentration of vanadium in the studied oil ash (Table 2) of the Caspian region is determined from
the anisotropic EPR spectrum of the formed vanadium chloride by the methods of [6-8]. As can be seen
from Table. 2, the results of determining the content of vanadium in oil ash by the chemical method and
EPR and XRF methods are consistent. The advantage of the EPR method for determining the total
vanadium from oil ash is its productivity, selectivity, high accuracy and reliability in comparison with
conventionally used photocolorimetric methods.

Table 2-Vanadium content in oils and their ash, %

Oil Ash output Vanadium content Vanadium cfontent per
no POA o OI1P ash
Kalamkas, 52 0.087 0.015 0.0148 17.5
Botakhan, 68 0.037 0.0025 0.0022 12.9
Karazhanbas, 851 0.09 0.029 0.026 28.9

The results of these studies on the determination of vanadium in crude oils using EPR-
radiospectroscopy were used by geologists and scientists of the All-Russian Petroleum Research
Exploration Institute (VNIGRI) as reference samples for calculating the geological reserves of vanadium
in the Karazhanbas, North Buzachinsky, Kalamkas and Zhalgiztobe oil fields of the Mangyshlak region
(Act on the Use of Materials by R. Nasirov in the works on calculating the reserves of vanadium in the oil
deposits of the Mangyshlak region, 24.03.1992, NeO8-signed by the head of the department of the
VNIGRI, doctor of geological and mineralogical sciences, laureate of the State award, V.V. Gribkov) [9].

|

]

Figure 7- EPR spectra of vanadyl chloride at -196 °C, obtained: a) from V,0s b) from the ash of Kalamkas oil,
well N 52 (here are recorded the hyperfine lines 1| — 8 | of vanadyl ion)
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The developed method "The results of determination of tetravalent vanadium in oils by the EPR
spectroscopy" is also recommended for students of higher education institutions studying in the specialties
"Geology and geochemistry of oil and gas" [10] and "Oil and gas chemistry” [11]. In these textbooks, EPR
spectroscopy is widely used not only in petrochemistry, but also in other geological and geochemical
studies, in particular, in the allocation of oil strata on the relationship between the concentration of ions of
divalent manganese, vanadium V*" and FR in rocks

The presence of porphyrins with vanadium in the form of vanadyl ion VO** is evidence in favor of the
theory of the organic origin of oil (chemofossilia). pigments with a porphyrin structure (plant chlorophyll,
animal hemoglobin) are considered as biological precursors of oil porphyrins widely distributed in nature
[12]. Allocated from vanadylporphyrin concentrates of Karazhanbas oil, free porphyrins were used by us
to obtain complex copper compounds [13]. In order to establish the structure of the oil porphyrins in the
EPR spectrum, hyperfine splitting from the interaction of an unpaired electron with copper nuclei and four
atoms of "*N pyrolic rings was observed.

Conclusions.

1. It was found that dissolution of oil in toluene (1:3.55) and heating to 120 °C in a vacuum-sealed
ampoule result in the complex anisotropic spectrum transforming into a simple isotropic spectrum
consisting of 8 hyperfine structure lines (HFS), caused by the interaction of the unpaired electron with the
nuclear magnetic moment of the vanadium (the nuclear spin [,=7/2).

2. 2. For the first time a new method for determination of vanadium and FR in crude oils at liquid
nitrogen temperature is proposed. An important scientific and practical result of the new proposed method
for the determination of vanadium in crude oils, in contrast to the method of American authors, is a
reduction in nitrogen consumption, and an additional advantage of the method is to reduce the cost of the
process, since the use of an expensive temperature attachment is excluded.

3. The advantage of the EPR method for determining the total vanadium in oil ash is its productivity,
selectivity, high accuracy and reliability in comparison with conventionally used photocolorimetric
methods.

4. The developed method "The results of determination of tetravalent vanadium in oils by the EPR
spectroscopy" is also recommended for students of higher educational institutions studying in the
specialization of "Geology and geochemistry of oil and gas" and "Oil and gas chemistry".
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P.H. Hacipos
X. JlocMyxamennoB aTeIHAAFEI ATBIpay MEMIIEKETTIK YHUBEPCUTETI, ATHIpay K., Kasakcran

1P CHEKTPOCKOIUSI KOMETIMEH KACIUAI MAHBIHJIATBI
MYHAWJIAPJAFBI BAHAIUIII AHBIKTAY

AnHotanus. Makanana 1977 KbUlbl MYHAHIIBIH TYTKBIPJIBIFBIH a3aiTy HOTIDKECIHIC TOPT BAJICHTTI BaHAIMA
MOHBI KOMIUIEKCIHIH 8-)KeNiJJeH TYpaTbhlH TaKipuOenik usorpontsl DIIP-cniektpi anbinranHbl ce3 Oonanbl. COHFBI
JKBITAPBI MYHAH XMMHSCHI )KOHE TeOJOTHACKH MoHepi OoiibiHma crymeHTrepre DIIP — cnekrpockonusiian qopictep
OKbIIa OacTajpl, all AOPICTIH MPAKTHUKAIBIK HETi31 OCBHl KOW HW30TPOITHI CHEKTPACH Oacray ajbIHYbl KEpek.
Bananuiini xoHE epKiH pamuKaiasl MYHalIapia CYWBIK a30T TEMIEpaTypachlHIA AHBIKTAy OJICi YCHIHBUIAIBI.
3epTxaHa JKaFJailbIHIA BaHATUIII dKalllail aHBIKTAay Ke3iHAe YCHIHBUIFAH OMICTiH aMEpHKAaHIBIK FalbIMIapAbIH
YCHIHBICBIHAH ©3TEMIUTri a30TTHl KON IIBFBIHAaMAIbl, TeMmIeparypa KOHIBIPFBICHIH KaXKET eTHEHTIHAIr >KoHE
JKcrpecTi 60maTeIHABFEL. Con cusKTel 01 skymbicta DI1P omici MyHaWIBIH KYIIIHIET KBl BAHAAUNII aHBIKTayFa
0OJIaTHIHIBIFB TOKIPUOE HEri3iHIE MONEACHIl JKOHE Kaszipri Ke3me KOJIAHBUIBIT KYPreH (OTOKOIOIUMETPITIK
QMICTI TOJIBIK BIFBICTHIPAIBI.

Tyiiin ce3aep: OpraHUKaNbIK epKiH paguKangap, BaHaau HOHBI VO ', 3lIeKTPOH/IBIK MapaMarHUTTIK PE30HAHC,
BaHaJMIIH U30TPOIITHI CIIEKTPi, BAHAUUIH aHU30TPOIITHI CIIEKTPI.

YIK 546.881:553.982:538.113
P.H. Hacupos
ATbIpayCKui ToCyJapCcTBEHHbIN yHUBepcUTeT uM.X.JlocMyxamenoBa

OINIPEJIEJIEHUE BAHA/IUA B HE®TAX IPUKACIUHACKOI'O PETHOHA
METOJ0M 3IIP-CHEKTPOCKOIIUH

AnHoTauusa. B cratee 1977 roma paccMmarpuBaeTcsl MOJdydeHHE M30TPOMHOTO crnektpa DIIP komruiekcHOro
MOHA BaHaJAWIa, COCTOSIIET0O M3 8 JMHHUM CBEPXTOHKOW CTPYKTYpbl, B pPE3yJIbTaTe€ YMEHBIIEHHUS BSI3KOCTH
Kapaxanbacckoit HepTn. B mocnenHue ronsl Mo npeaMeram: XMMUM HE(TH U TeoJOTMH HEPTH s CTYAECHTOB
BBICIINX y4YeOHBIX 3aBeicHUM uuTarorcs jieknuu 1o JIP — crnekrpockommu. [IpakTrueckas CTOpOHA ITOM JISKITUH
JIOJDKHA HAYMHATBCSA C MPOCTOTO M30TPOITHOTO CHIEKTpa BaHamusa. B pabore mpemnaraercs crmoco0 ompeneineHus
BaHajus U CP B chIppIX HeTAX mMpHU TeMmepaType KUAKOTO a30Ta. BaKHBIM HAayYHO-TIPAKTHYECKUAM PE3YJIETAaTOM
MpeIaraeMoro HOBOTO CIIOCO0a OMpeNeeHUs] BaHAIUSA B CHIPHIX HE(PTAX, B OTIMYHE OT METOJa aMEPHKAHCKHUX
aBTOPOB SABISETCA CHIDKEHHE pacxola a30Ta, a [OMOJHUTENBHOE IPEHUMYIIECTBO CIIoco0a 3aKIovaercs B
YACIIEBJICHUN NpOLEcca, TaK KaK HCKIIYAETCS MPUMEHEHHE HOPOTrOCTOSILENH TEMIEPATypHOH NPUCTAaBKH IpU
MacCCOBBIX JIaDOPAaTOPHBIX ONpEeACNeHUAX BaHamws. Tak jke mpemmaraercs meron JOIIP anms omenku obmero
KOJINYECTBA BaHAAMs B 30J1aX HE(TH, OCHOBAHHOM Ha B3auMoACHCTBUH V,0sC KOHIIEHTPUPOBAHHON COJISHON
kucioTor. CTaHaapTHHIN (POTOKOIOPUMETPUUCCKUI METOT OTIPE/ICIICHUS BaHAIMS B 30/1aX He(PTEH MOKHO 3aMEHUTh
0oJiee IKCIPECCHOI U n3duparebHoi MeToaukon DI1P.

KiroueBble coBa: opranndeckrue cBOOOIHBIE PaUKaNIbl, HOH BaHAIIa VOH, NIEKTPOHHBII MapaMarHUTHBINA
PE30HAaHC, U30TPOIHBIN CIIEKTP BaHAAUS, AaHU30TPOIHbBIN CIEKTP BaHAIusI.

Information about authors:
Nasirov R.N. - Atyrau State University named after Kh.Dosmukhamedov, rnasirov.48@mail.ru.

— 131 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

SERIES CHEMISTRY AND TECHNOLOGY

ISSN 2224-5286 https://doi.org/10.32014/2018. 2518-1491.17
Volume 5, Number 431 (2018), 132 — 138

542.973.7, 547.211

T.S. Baizhumanova', S.A. Tungataroval’3 , G. Xanthopoulouz, Z7.T. Zheksenbaeva1’3,
G.N. Kaumenova'”, M.K. Erkibaeva‘, M. Zhumabek’, K. Kassymkan1

'D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan;
’Institute of Nanoscience and Nanotechnology, NCSR Demokritos, Athens, Greece;
3 Al-Farabi Kazakh National University, Almaty, Kazakhstan;
*Pavlodar State Pedagogical University, Pavlodar, Kazakhstan
baizhuma@mail.ru

CATALYTIC CONVERSION OF METHANE INTO OLEFINS

Abstract. The worldwide use of olefins in the chemical industry is growing every year. This is due to increased
consumption of olefins for the production of chemically important products, such as polyethylene, ethylene glycol,
acetaldehyde and vinyl chloride. In the present work, the activity of the developed heteropolyacid (HPA) catalysts
based on phosphorus and tungsten in the oxidative conversion of methane to olefins was studied. The developed
catalysts were applied to various natural and synthetic carriers. The process of oxidative conversion of methane was
studied by varying the reaction temperature, the ratio of the reacting components, the space velocity, and the effect of
the addition of water vapor to the reaction mixture. When 5% of the HPA was applied to natural carriers, ethane,
ethylene, hydrogen and propylene were observed in the reaction mixture. The same activity was observed for
catalysts deposited on synthetic carriers. It has been established that the optimal conditions for the oxidative
conversion of methane on a catalyst of 5% HPA applied to a natural carrier are: T = 1073K, W = 3900h™", CH,: O, =
2 : 1. The positive effect of the addition of water vapor to the reaction mixture was determined.

Key words: catalytic oxidation, catalysts, methane, olefins.

Introduction

Chemistry of lower alkanes is one of the most rapidly developing scientific fields [1-8]. The most
important source of alkanes in nature is natural gas, mineral hydrocarbon raw materials - oil and
associated oil gases. Natural gas consists of 95 percent methane [9]. Therefore, in the modern
petrochemical industry, saturated hydrocarbons are the basis for obtaining a variety of organic
compounds, an important raw material in the processes of obtaining intermediates for the production of
plastics, rubbers, synthetic fibers, detergents and many other substances.

It is estimated that over the next decades, the world situation will be when half of the existing oil
reserves will be spent and the expected production come into conflict with the growing demand for oil
[10]. The clash of these trends could lead to a shortage of oil, increase in the price of this kind resource
and will become a powerful resource and a prerequisite for the transition to alternative energy sources.
According to numerous forecasts of Russian and foreign analysts in the next 10-20 years the situation has
changed in favor of the priority of gas demand. Natural, economic and political factors, which together
determine the inevitability of change in the structure of world power balance in favor of growth in the
share of gas are at the heart of this process. Therefore, the widespread use of gas in areas focused on the
consumption of petroleum products is important program of the world economy, which is undoubtedly
important for Kazakhstan. The full range of products produced from petroleum, can be synthesized by
direct route from natural gas. The cost of such substances as synthesis gas, H,, ethylene, formaldehyde,
and benzene is 10-100 times higher than the original gas. They are the basic raw material for the synthesis
of methanol, polyethylene, alcohols, acids, liquid motor fuel, dimethyl ether, ammonia fertilizer and
hundreds of other compounds necessary for the development of chemical industry.
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The problem of processing of natural gas into organic compounds solved by steam, carbon dioxide
and oxidative conversion of alkanes to synthesis gas with subsequent production a mixture of paraffin,
olefins and alcohols [11,12]. Co-conversion of methane with C;-C4 hydrocarbons with formation of mono-
and polycyclic aromatic hydrocarbons, oxidative dimerization of methane to ethylene and ethane, selective
oxidation of methane to methanol can serve as example of one-step conversion of methane [13,14].
Produced hydrocarbons are readily oxidized to carbon dioxide and water in the presence of oxygen, which
significantly reduces the selectivity of the reaction at high conversion of methane. This leads to a higher
cost of hydrocarbons produced from methane than analogs of petroleum origin. In general, one-step
methane conversion processes are at the level of laboratory research, and finding new ways of effective
utilization of natural gas is an urgent task.

We have developed polyoxide catalysts based on molybdenum, chromium and gallium, applied to
natural clays for catalytic oxidation of propane butane mixture into oxygenates and olefins [15-17].

Light olefins are the most important building blocks for polymers and a variety of intermediate
products. The world demand for ethylene and propylene exceeds 180 MTA (about 2/3 of ethylene
production) with annual growth of 4-5% in the next decade [18].

The oxidative conversion of alkanes to ethylene in place of the use of petroleum feedstock is of
practical interest, since ethylene and propylene are the basis for the production of approximately 50% of
all organic products in the chemical industry. At present, their annual output is one of the main indicators
of the potential of industrial development. It is known that the petrochemical potential of many countries
is estimated by the volume of production of ethylene and propylene, which are the basic raw materials for
the production of polyethylene, polypropylene, plastics and other products. The literature reports an
increase in ethylene prices and an increase in olefin production in Asia, Europe and America [19].
Expansion of production and construction of new petrochemical complexes is also in Russia and China.
For Kazakhstan, which has huge reserves of natural gas, a significant part of which is flared, the
development and implementation of technologies for processing alkanes is a strategic task.

There are two main ways of producing valuable chemicals from methane - indirect and direct
conversion. Currently, the most commonly used method is indirect conversion, i.e. methane is first
converted to a synthesis gas with various C/H ratios by either reforming or partial oxidation, and then the
synthesis gas is converted to raw chemicals by Fischer-Tropsch synthesis, converting the synthesis gas to
an olefin, converting the synthesis gas to gasoline , synthesis of ammonia or many other processes.
However, indirect conversion of methane is always accompanied by complicated installations, high
production costs and, in particular, large CO, emissions. Consequently, the study of the direct conversion
of methane into valuable chemicals has recently attracted special attention [20].

Experimental

Catalyst preparation

The method of catalyst preparation has been previously developed in the laboratory of oxidative
catalysis of JSC "D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry" [21]. The catalysts
were prepared by the capillary impregnation method of mixed aqueous solutions of nitrate salts of metals,
supported on carriers.

Characterization techniques

The analysis of the initial mixture and reaction products was carried out using a chromatograph
"Chromos GC-1000" with the "Chromos" software and on a chromatograph "Agilent Technologies
6890N" (USA) with computer software. Chromatograph "Chromos GC-1000" is equipped with packed
and capillary columns. The packed column is used for the analysis of H,, O,, N,, CHy, C;Hg, C,H,4, C5-Cy4
hydrocarbons, CO and CO,. A capillary column is used to analyze of liquid organic substances, such as
alcohols, acids, aldehydes, ketones and aromatic hydrocarbons. Temperature of the detector by thermal
conductivity — 200°C, evaporator temperature — 280°C, column temperature — 40°C. Carrier gas velocity
Ar = 10 ml/min. The chromatographic peaks were calculated from the calibration curves plotted for the
respective products using the "Chromos" software for pure substances. Based on the measured areas of the
peaks corresponding to the amount of the introduced substance, a calibration curve V = f (S) was
constructed, where V - amount of substance in ml, S - peak area in cm’. Concentrations of the obtained
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products were determined on the basis of the obtained calibration curves. The balance of regulatory
substances and products was + 3.0%.

Results and discussion

The influence of nature of carriers, as well as reaction temperature during partial oxidation of
methane on catalysts supported on various natural and synthetic carriers on the basis of H;PW,049 and
H4SiW ;049 was investigated. The reaction was investigated under the following conditions: the ratio of
initial reaction mixture CH4:0, = 7:1 (36.0%: 5.0%, the rest - Ar); V = 7800 h™' by varying the reaction
temperature from 873 to 1173 K. The formation of hydrogen, as well as the C,, C;, and C4 hydrocarbons
occurred in this temperature range. Conversion (X) of methane was varied from 0.5 to 35.6%.

When supporting of 5% HPA on natural carriers: TC, EKC, diatomite, CC, TWC, ZE conversion of
methane was varied from 2.7 to 15.6%. Selectivity (S) on the main product - ethylene varied from 6.2 to
41.9%. At 1023 K on the catalyst supported on ZE observed the formation of ethane with yield (Y) 3%,
44.4% selectivity at 6.7% conversion of methane. With further increase of reaction temperature to 1173 K
the yield of ethane decreased to 1.6% (selectivity 23.9%). Starting from 1073-1123 K there was the
formation of ethylene. Conversion at the same time kept constant and the selectivity of ethylene increased
from 33.6 to 40.1%. Hydrogen began to form at 973 K increasing at higher temperatures, the selectivity of
its grown from 15.3% to 24.7%. Propylene was also observed in small amounts in the reaction products.

Effect of synthetic carriers on the activity of 5% H3;PW,04 catalyst in reaction of partial conversion
of methane was investigated. It was investigated a series of synthetic carriers: CaA, Siral-10, Siral-20,
Siral-30, NaX, AlSi and 20% Al,05+80% H-ZSM-5. Hydrogen, C,, C;, and C4 hydrocarbons, and CO are
formed on synthetic carriers as well as on natural in this temperature range. Conversion of methane was
varied from 1.3 to 19.7%.

Comparing the data obtained on 5% H;PW,,0, catalyst supported on synthetic and natural carriers,
revealed that the optimal catalyst leading ODM reaction toward the formation of C, hydrocarbons is 5%
HPA, supported on East Kazakhstan zeolite. At 1023 K observed the formation of 3% ethane and 2.7%
ethylene at 1123 K. 5.17% hydrogen at 900°C formed on the catalyst supported on TWC.

Table 1 - The influence of ratio of CH,4:0, in oxidative conversion of methane
on 5.0% HPA/NC catalyst

Concentration Ratio, Xena, Yo Yield, %
CH4502, % CH4302
50,0 : 50,0 1,0:1,0 significant formation of hydrogen with sparks
67,0 :33,0 2,0:1,0 14,0 28,0 2,8 10,8
75,0 :25,0 3,0:1,0 22,0 - 2,75 9,12
80,0 : 20,0 4,0:1,0 significant formation of hydrogen with sparks
84.0: 16,0 5,0:1,0 15,0 | - | 1,4 | 5,2

Note - T=1073 K, V=3900 h™".

Series of experiments at a space velocity of reaction 3900 h™' and the temperature range 973-1173 K
on the investigation of reactants ratio CHy: O, within1:1,2:1,3:1,4:1,5: 1 was performed (Table
1). It was determined that the highest yield of ethylene 10,8% is observed at ratio of CHy: O, =2 : 1 at
reaction temperature 1073 K.

Effect of the changes in space velocity (1000, 3900, 10000, 12000 and 15000 h™) of process on the
catalytic activity in oxidative conversion of methane was investigated. It was determined experimentally
that the best in the conversion of methane to 28% H, and 13,6% C, hydrocarbons is space velocity 3900 h°
"and contact time 0.9 s (Table 2).

Addition of water vapor into the reaction mixture at a ratio of CH,: H,O = 1: 0.5, space velocity 3900
h' and the temperature range of 973-1173 K, CH, : O, = 2: 1 was examined. It was shown that with the
addition of water vapor into the reaction mixture ethylene yield remained constant at 10,8% at 1073 K.
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Table 2 - Effect of space velocity on the performance of process
of oxidative conversion of CH4 on 5,0% HPA/NC catalyst

Space velocity, X o Yield, %

h' CHa 70 H, C,H C,H,
1000 13 26 1,9 8.8
3900 13,9 28 2,8 10,8
10000 6,6 43 3,0 32
12000 15,0 4,0 8,1
15000 20,0 1,0 1,2

Note - T=1073 K, V=3900h, CH,: 0,=2: 1.

Also, we investigated the increase in the volume of catalyst to Sml and decrease of space velocity to
1560 h' which shows that with increase of catalyst sample the yield of ethane and ethylene at 1073K was
respectively 26% and 4,6% with sharp decrease of ethane up to 3% and increase of ethylene to 10,7% with
increase in the reaction temperature on 50 K (Figure 1). It was shown that the yield of ethane and ethylene
at 1073 K was 2,6% with slight increase in the amount of ethane to 4,8% and ethylene 4,5% at raise of
reaction temperature to 1123 K with increase of space velocity up to 3900 h™".

"1073K
m 1123 K

1 2

1-1560h™,2-3900 h™'. Catalyst — 5ml

Yield of C2H6 and C2H4, %
iy

Figure 1 - Effect of space velocity and temperature of reaction
in the oxidative conversion of CH4 on 5,0% HPA/NC catalyst

Thus, the optimal conditions for the oxidative conversion of methane on 5% HPA/TWC catalyst were
determined: the ratio of reactants CH,: O, =2 : 1, 1073 K temperature and space velocity 3900 h™.

On the example of 5-15% catalysts based on H4SiW,04 and its salts on aluminosilicate was
established the formation of C,Hg, C,H4, CO,, H,, the ratio of which was determined by temperature of
reaction in oxidative dimerization of methane (ODM). The ratio C,H4:C,Hg in products increased toward
the formation of C,H, with increasing temperature and transition from high-percentage to low-percentage
catalysts. Catalysts 5% H4SIW12040/A181 (SC2H4 = 515%, SCZ—HC = 800%) and 15% H3PW12040/AISi
(Scans = 39.2%, Sconc = 60.2%) had a maximum selectivity by C,-hydrocarbons. CaAZ, CaX, minerals
containing MgO, Si0O,, and NaA can be recommended as a carrier. The yield of C,H4 from CH,4 achieved
13,5-18,5% at conversion of CH, 23-32% and the ratio of C,H,: C,Hg 3,6-7,5, Figure 2.

The studied cations as part of HPC form series on the effectiveness of influence on yield of C,H4 (%)
from CHy:

-for 5% [SiW,]/SiO,: Na (13,7) > Mg (11,9) > Ce (11,1) > Cd (10,7) > Ni (10,0) > Pb (9,7) > Ca
(6,9) > Cr (8,1) > Fe (7,3) > Bi (7,0);

-for 5%[PW,])/Si0,: Mg (14,2) > Cs (12,7) > Pb (11,7) > Ba (10,0) > Cr (9,8).
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[ =]
L
|

20 4 1- AlSi

2 -8i0; KCK-2.5
3 - zeocare-2

15 4 - 5i0, C-3

5 - Nah

6 - 5i0; KCM-5
7 - periclase MgQO
g - CaX

9 - CaAZ

Yield, %

1 2 3 4 5 6 7 8 9
Carriers
The composition of reaction mixture, % vol.:CHy - 20,5; O, - 15,4; Ar - 64,1; water vapor.

Figure 2 — Effect of the nature of carrier of 5% [SiW ;] catalysts on conversion and yield of C, hydrocarbons in oxidative
dimerization of methane

The transition from supported HPA to their salts optimized ODM process. It was shown that Y and S
formation of C,H, increases with increasing ratio of CH4:O, from 1:1 to (1,5-30):1 on 0,5%
H4SiW,04¢/AlSi), Table 3. The composition of mixture, mol: CH4 - 0018-0-0,0031, O, - 0,0013, inert gas
- 008-0-0,004 is optimal for synthesis of C,Hs. The positive effect has introduction of water vapor
(CH4:0, = 1:0,21, mol) into reaction mixture.

Table 3 — Influence of CH, and O, in mixture on yield and selectivity of C, hydrocarbons
on 0,5% H4SIW]2040/AISI

Composition of reaction mixture, mol Yield, % Selectivity, %

CzHG C2H4 C2H6 C2H4
CH,-0,0013, 0,-0,0013, Ar-0,006 2,2 9,5 5,9 25,7
CH,-0,0018, 0,-0,0013, Ar-0,0056 34 8,8 16,6 43,0
CH,-0,0031, 0,-0,0013, Ar-0,0042 3,1 10,2 11,2 38,6
CH,4-0,0044, 0,-0,0013, Ar-0,0030 3,0 8,9 48,0 20,9
CH,4-0,0018, 0,-0,0004, Ar-0,0065 5,1 5,2 28,4 29,0
CH,-0,0018, 0,-0,0004, Ar-0,006 4,1 7,4 13,6 24,6

Note — T=750°C, 1=0,46s. By-products: CH,0, H,, CO,.

ODM process can be intensified by additional oxidative dehydrogenation of ODM product - C,Hg into
C2H4.

Conclusion

Thus, it follows from the above results that optimization of the ODM process can be achieved by
rigorous selection of the process parameters of the reaction, by improving the composition of the
supported catalysts, for example, by substituting the protons of the HPA for metal cations of Groups I and
I, by applying GPC to silicon-containing carriers (SiO,, pentasils, aluminosilicates, and synthetic
zeolites).
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METAHHBIH OJIE@UHIEPTE JTEUTH KATAJIMTUKAJIBIK KOHBEPCHUSICbI

AnHotanusi. Xumus eHaipicinae oneduHAepaiH anemaik KonjaHbulybl XKbUI ©TKeH calblH ecyzae. by
MOJTUATHIICH, STHJICHTIIMKOJb, alleTaIbICTH T )KOHE BHHIWIXJIOPU CEKIIII XUMILUTBIK MaHBI3IBI OHIMAEPAI OHIIpyTe
apHayraH oneduHaepai KongaHbUTybIHBIH apTybIMEH OaiIaHBICTHL. ¥ CHIHBUIFAH JKYMBICTAa METaHHBIH oliehUHIepre
TOTBIFy KOHBepcHsACHIHAAa (ocdop xoHe Bomb(ppaM HeETi3iHAeTi jkacanblHFaH reTeponoduKeKeinel (I'TIK)
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KaTann3aTopiapablH  OeJNCeHAUTriHe 3epTTeylep JKYpPri3imi. ©Op Typidl CHHTETHKAIBIK JKOHE TaOWFH
TaCBIMANJAFBIIIKA OTHIPFEI3BUIFAH KaTalH3aTopiap *acalblHIbl. MeTaHHBIH TOTBIFA aifHANY YpHici OapbICBIHIA 9p
TYpl TeMmIeparypa MEH KeJeMIIK KBUIJAMIBIKTa peakIisFa TYCEeTiH KOMIIOHEHTTEepHAiH KaTbiHachl, COHmaii-ak
peakuusuiblk Kocnara cy OybIHBIH ocepi 3eprrenai. Taduru TaceiManaarbimka 5% [TIK eHrisrenne peakiusibik
Kocriaman 9rtaH, 3TWieH, CYTeK OJKOHE MpomwieH Ty3uireHi Oaiikanapl. CHHTETHKAJBIK TAaChIMAAAFbIIIKA
OTBIPFBI3BUIFAH KaTAIM3aTOPJIap YIIIH Jie OChIH/A OeceH Itk 0alkangpl. MeTaHHbIH TOTbIFa aifHaly KOHBEPCHSICHI
YIIiH TaOUFH TachIMaJIAFbIKa OThIpFbI3bUTFaH 5% ['TIK kaTain3aTopbIHBIH OHTANIIBI KaFAalbIHBIH mapTTapel T =
1073K, W=3900 car', CH, : O, =2 : 1 Goubin TabbuIagbl. Peakuusuibk KOCHara cy OybIH KOCKaHIaFbl acepi OH
HOTH)KE KOPCETETiHI aHBIKTAJIJIBI.
TyiiiH ce31ep: KaTaIUTUKAIBIK TOTHIFY, KaTalu3aTopiap, MeTaH, oleuHaep.
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KATAJIMTHYECKAS KOHBEPCUS METAHA B OJIE®@UHBI

AHHOTanusi. MupoBoe NpuMeHeHHE ONe(UHOB B XMMUYECKON MPOMBIIUICHHOCTH PACTET € KaXIBIM T'OIOM.
370 CBA3aHO C yBEJINYCHUEM NOTPEOIeHNS 0J1eUHOB 11 HPOU3BOACTBA XMMHYECKH BAKHBIX IIPOJYKTOB, TAKUX KaK
MOJIMATUIIEH, STUJICHTIIMKOJIb, alleTaNbJCI U 1 BUHUI XJIOPH. B npencraBneHHol paboTe NpOBEIECHO UCCIEJOBAaHNE
AKTHBHOCTH paspaboraHHbix rereponoiaukuciaotHsix (I'TIK) karamm3zatopoB Ha ocHoBe (hocdopa u Boabbhpama B
OKHCIIUTENIbHOW KOHBEpCHU MeTaHa B ojeduHbl. PaspaboraHHble KaTanu3aTopbl ObUIM HaHECEHBI Ha pa3MYHbIC
NPUPOJHBIE M CHUHTETHYECKWEe HocuTenu. [Ipoliecc OKMCIMTENBHOrO NpEeBpallleHHs MEeTaHa MCCIIEeNOBaICS NpU
BapbUPOBAHUH TEMIIEPATYPbl PEaKLUU COOTHOIIEHHE PEearupyrolux KOMIOHEHTOB, 0ObEMHON CKOPOCTH, a TaKXe
M3y4YeHO BIIMSHME I00aBJeHHE MapoB BOAbl B peakunoHHylo cMmech. Ilpm nanecenun 5% ITIK Ha mpupoxpxbie
HOCHUTENN B PEaKLMOHHOM CMecH Haldiojanochk oOpa3oBaHWE 3TaHa, STWIEHA, BOAOPOJa M mponuieHa. Takas ke
aKTHBHOCTh HaOJIIOAaiach W JUIS KaTajlM3aTOPOB HAHECEHHBIX HAa CHHTETHMYECKHE HOCHTENHW. Y CTaHOBJIEHO, YTO
ONTHUMAIBHBIMH yCJIOBUSIMHA OKHCIIUTEIbHONW KOHBepcHMHM MeTaHa Ha katanmzartope 5% ITIK HaneceHHOM Ha
MPUPOIHEI HocuTenb aBistoTcs: T = 1073K, W=3900u"!, CH,: 0,=2: 1. OmnpeneneHo MoMOKUTETBHOE BIHSTHAC
J00aBIIEHNS TapOB BOJBI B PEAKIIHOHHYIO CMECh.

KiroueBble cj10Ba: KaTaTUTHYECKOE OKHUCIICHUE, KaTaIM3aTOPhl, METaH, OJe()UHBL.
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FORMATTIVE EVALUATION IS AN UNINTERRUPTABLE PART
OF THE TRAINING PROCESS ON LESSONS OF CHEMISTRY

Abstract. In recent years, the world pedagogy is in the process of rethinking the system for assessing students'
learning achievements, since evaluation is one of the main stages of the educational process. One of the goals of the
school is to create conditions conducive to the pursuit of self-education, self-knowledge of the individual, the
development of motivation to achieve success, that is, the formation of key competencies of students. According to
the State Program for the Development of Education in the Republic of Kazakhstan for 2011-2020, when evaluating
students' learning achievements it is important to focus on the process of developing the key competencies of the
future specialist. And for this it is necessary to make significant changes to the traditional system of knowledge
assessment.

Keywords: formative evaluation, summary estimation, criterion estimation, teacher assessment, self-evaluation.

INTRODUCTION

One of the significant indicators of the effectiveness of secondary education is the level of educational
achievements of students, which demonstrates how the educational activity in the school functions,
develops, affects the students and their effectiveness. Therefore, the level of the potential in improving the
quality of education depends on how well the system of assessing the educational achievements of
students is built up. (1) In the National Plan "100 concrete steps", the Head of State pointed out, as a
fundamental basis for economic growth, improving the quality of human capital based on OECD
standards.

MAIN PART

The implementation of the OECD direction provides for the updating of standards and evaluation
systems for the development of functional literacy of students. In the OECD report "Review of the
national educational policy. Secondary Education in Kazakhstan "(2014) proposed a number of measures
aimed at improving the quality, relevance and frequency of the assessment in the classroom. In particular,
the introduction of a criteria-based assessment system, the definition of evaluation criteria for high-level
thinking skills, the training of teachers, the conduct of national standardized testing at the end of each
stage of education, the establishment of an effective and reliable data collection system, etc. It also
indicates the need for effective use of the results of the conducted evaluation. (5) Criterial evaluation is the
process of correlating the learning outcomes actually achieved by students with the expected learning
outcomes on the basis of clearly defined criteria. The purpose of the criterial evaluation is to obtain
objective information about the results of training the students on the basis of evaluation criteria and to
provide it to all interested participants for further improvement of the educational process. To collect data
on progress and progress in learning during the school year, two types of evaluation are carried out:
formative assessment and summary evaluation. The cumulative assessment, in turn, includes procedures
for cumulative assessment for the section / cross-cutting theme, a quarter and level of education.
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Table 1 - Two types of estimation

Formative | Summative
is made during training (with the help of small independentat the end of the studied topic or section (with the help off
works, tests, etc.) control or credit work)
helps the student to adjust his work, achieve better results allows students to demonstrate their achievements on the topic
allows the teacher to accumulate information about the
assimilation of the material by each student, to analyze it anil;gives the teacher the opportunity to make a final judgment about]

plan further work, that is, to carry out a more qualitativejthe students' achievements, to set the final marks
learning process

The developed system of criterial estimation, which integrates the best Kazakhstani and international
experience, allows us to proceed to the implementation of the assigned tasks in the lessons, in particular
chemistry.

The content of the system of criterial evaluation is determined by standards, processes, tools and
evaluation results. (3)

(Figure 1).

The content of the system of criterial estimation

roco
Requirements for the level of students' training in educational areas (expected results according to the
l taxonomy of B. Bloom)

Crangaptel
OueHnBaHUA

Curriculum and plan for the subject
Learning objectives, sections, cross-cutting themes, subsections

Wevels of thinking skills: knowledge, understanding, application, analysis, synthesis, evaluation
. l Types of speech activity: listening, speaking, reading, writing
§ Evaluation criteria are a sign, a basis, a measure, according to which the level of educational
g l achievements of students

Multi-level tasks
§ l Formative and summary
e l criteria-based evaluation
. Feedback > Points —> Levelsofacademic —> Levels of
i Daily Practice At the end of each achievement At the end of each
section and quarter At the end of each section section and quarter
and quarter an

Figure 1 - The process of formative estimation

Formative assessment is a process that has a direct impact on the growth and development of learning
achievements and provides feedback between the teacher and the learner. Formative evaluation takes on
an increasingly important role in international practice and is generally defined as the assessment used to
adapt teaching and learning to the needs of learners (Black and William, 1998; Ashcroft and Foreman-
Pack, 1994; Taras, 2005). At the same time, analysis of the literature suggests that the description of the
structural elements of formative evaluation is treated ambiguously and can vary depending on the
objectives and conditions of application.

Structure of Formative Assessment:

Structure of Formative OECD Assessment / International Conference of the Center for Research in
Education and Innovation (2008) :

* Create a culture in the classroom

* Formulate learning objectives

* Use a variety of teaching methods to meet the different needs of students

* Use different approaches to assessing students' understanding of the material

* Provide feedback to learners and adapt the learning process to identified needs
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* Actively involve learners in the learning process

Black and William (2010):

* Design effective discussion in the classroom, apply questions and assignments that can be used as
evidence of learning outcomes

* Provide feedback, which is aimed at developing students

* Clarify evaluation criteria and expected results

* Encourage the development of learners as creators of their own learning

* Use trainees as sources and resources for mutual learning

Clarke (2013):

* Develop a culture of learning

* Engage students in the planning phase

* Make assessment criteria together with students who know the learning objectives

* Use discussions and discussions in class

* Promote effective feedback from students, peers and teachers. (6)

Thus, as the general elements among the presented structures of formative evaluation can be
identified: the active involvement of students in the assessment process, the adaptation of teaching to the
needs of students, the provision of quality and constructive feedback. Therefore, formative evaluation is
the practice of the teacher, which allows you to integrate learning and assessment through a set of
interrelated elements in the lesson. Expected results and learning objectives for each section of the
curriculum determine the content of the practice of formative evaluation. In this case, the process of
formative evaluation will not be standardized, i.e. each teacher can independently determine his own
practice and be responsible for its results. The process of formative evaluation in the activities of the
teacher involves the implementation of the following stages:

* Planning and organization of formative evaluation;

« choice of methods of formative evaluation;

* providing feedback;

« analysis of the results of formative evaluation.

Planning and organization of formative evaluation

In order to plan an effective process of formative evaluation that meets the needs of students, the
teacher is given the opportunity to independently determine the form, content and frequency, as well as
tools for formative evaluation. The teacher needs to include in the learning processes and formative
evaluation all the objectives of the training according to the curriculum. To this end, collections of
assignments for formative evaluation have been prepared to help the teacher, including evaluation criteria
for the purposes of training, sample assignments with descriptors. The collections of formative evaluation
are used as a source for the selection of tasks in the planning of the lesson and do not require printing. For
the independent development of tasks of formative evaluation, the teacher is recommended:

* Study the curriculum, curriculum and conduct learning goals analysis;

* Draw up evaluation criteria based on training objectives according to the curriculum;

» To distribute the evaluation criteria according to the levels of cognitive skills in order to ensure a
differentiated approach to the formulation of tasks;

* Develop a task in accordance with the evaluation criteria;

* Draw up descriptors to the task, which describe the main stages of its implementation.

Teacher develops or selects tasks in accordance with the needs of the students and the context of
training. (1)

3. Experimental part.

Examples of the formative task on the subject "Chemistry" Grade 7

Section 7.1A Introduction to Chemistry. Pure substances and mixtures

Subject Chemistry subject

The purpose of the training 7.1.1.1 To know what the science of chemistry is studying

Evaluation Criteria

* Formulates the definition of chemistry as a science

Level of Cognitive Skills: Knowledge and Understanding

Exercise 1

— 4] =



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Using the proposed set of words, formulate the definition of chemistry as a science:

Chemistry, substances, science, properties, transformations, about, structure, them, and

Descriptor Learning

- formulates the definition of chemistry as a science, placing the proposed set of words in the correct
sequence.

- understands the meaning of the word "Chemistry"

- Concludes on the science of chemistry3ananue 2

Indicate suggestions where it comes to chemistryl3 npeBecuns! fenatot Oymary

1) Combustion of iron is accompanied by a crackle and a "firework" of sparks

2) Potatoes belong to the family of solanaceous

3) Health is the main value of a person

4) Petrol is obtained from oil

Descriptor Learning

- correctly indicates the proposals in which we are talking about chemistry

- Fills his choice

Activity 3

Insert the missed words in the sentence (using paragraph 1)

Substances, elements, experiment, processing, science.

1. The subject of studying chemistry are chemical ............. , the simple and complex substances they
form.

2. Chemical ........... allows theoretical knowledge to be confirmed in practice.

3. The tasks of chemistry and chemical industry are ............... natural and synthetic raw materials,

release of various materials and products.
4. To obtain many food products use a variety of chemical .............
5. Chemistry is an experimental ............
Descriptor trainee - defines suitable words in the sentence
- justifies his answer (2)
Section 7.1.V. Change in the state of substances
Subject: Aggregate state of substances
The purpose of study: To know the various aggregate states of substances and to be able to explain
the structure of solid, liquid, gaseous substances according to the kinetic theory of particles.
Evaluation Criterion: Studying
Distinguishes the aggregate state of matter
Level of Cognitive Skills: Knowledge and Understanding
Exercise 1
Divide the substances according to their aggregate state into three groups:
Ice, oxygen, air, tea, ice cream, chocolate, chalk, nail, water, nitrogen, sugar, cola, board, milk, oil.
Gaseous Liquid Solid

Descriptor Learning

1. Distinguishes gaseous substances

2. Distinguishes solids

3. Distinguishes liquid substances

4.Hows to place the proposed substances in the appropriate columns
Activity 2

Which statements do you think are correct (yes) and which ones are wrong (no)
1. In the solid state between particles, the attraction is strong

2. Liquid substances retain volume

3. Gaseous substances have no shape and volume

4. In a solid matter, particles can freely move relative to each other
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5. In gaseous substances, the particles move rapidly

Descriptor Learning

1. Explains the position of particles in gaseous substances

2. Explains the position of particles in solids

3. Explains the position of particles in liquid substances

4. Understands the features of motion and interaction between particles of matter

5. Establishes the relationship between the arrangement of particles and their aggregate state
Activity 3

Establish compliance (using the scheme number 1 in the textbook, page

1. Steam formation A. Burning of a candle

2. Crystallization B. Formation of dew

3. Melting C. The formation of frost

4. Condensation C. Boiling water

Descriptor Learning

- correlates processes with natural phenomena

Activity 4

A-ice B-water with water vapor

1 level

Correlate models of the state of atoms with the aggregate state of matter

Level 2

1) The forces of attraction between the particles are insignificant

2) Weak forces of attraction between molecules

3) The attraction between particles is strong

3 level

1) particles freely move relative to each other during transfusion take the form of a vessel

2) the particles move quickly and chaotically, the substances do not have a shape and volume
3) the particles make constant oscillatory movements, retain their shape and volume
Descriptor Learning

1 distinguishes models of solids

2 distinguishes between gas models

3 distinguishes between models of liquids

4 knows the peculiarities of the arrangement of particles in substances with different aggregate states
5 establishes the relationship between the arrangement of particles and their aggregate state. (2)
Section. 7.2 A

The theme of Atoms and molecules. Chemical elements

The purpose of study 7.1.2.1 is to describe the difference between atoms and molecules
Level of skills and thinking Understanding

Evaluation criteria Describes the difference between atoms and molecules

The task

Molecules consist of smaller particles - atoms.

Consider the drawing.

Write out, under what figures are the molecules depicted, and under which - atoms? [2

1.2.3.4.
‘5, 6.7. “
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Molecules: Atoms:

Criteria

Describes the difference between atoms and molecules

Descriptors

Correctly marks the picture of all the molecules.

Correctly marks the picture of all atoms. (2)

The descriptors used for assignments must be clear and precise, so that the teacher's decision during
the assessment is objective. Descriptors allow you to determine at which stage of the assignment the
student is experiencing difficulties. This helps to provide feedback to students. According to the theory of
formative evaluation (William, 2007), three positions of the organization are assumed, taking into account
the participants in the process: teacher assessment, self-evaluation and mutual evaluation. (6)

Teacher assessment.

Much of what is reflected in this manual characterizes the teacher's assessment process. Therefore, on
how well the teacher can understand the proposed recommendations, adapt, apply and improve them
depends the success of his practice of formative evaluation.

Self-evaluation.

CONCLUSION

At school it is necessary to instill skills and accumulate experience of self-evaluation among students.
The main focus in the organization of self-evaluation of students is given to stimulating self-regulation
and independent learning. Self-evaluation of students helps self-analysis of strengths and weaknesses in
the learning process. It is important to teach the learner to objectively determine what he knows and what
skills he owns, determine his own gaps, which he as a result wants to achieve. However, there are cases
when the self-esteem of students is excessively overstated or understated. This reduces the overall positive
effect of self-assessment in class. Teachers can help such students be more objective. (4)

REFERENCES

[1] Teacher's Guide, Nazarbayev Intellectual Schools.

[2] Chemistry textbook 7 class Ospanova MK, Belousova TG, Aukhadieva KS - Almaty: Mektep, 2017 year.

[3] A methodological manual for monitoring students' knowledge, taking into account criterial evaluation. - Astana:
Autonomous organization of education "Nazarbayev Intellectual schools", 2012.

[4] Evaluation of educational achievements of students. Methodical.

[5] guide./ Comp. R.H.Shakirov, A.A.Burkitova, O.Dudkin. B.: "binim", 2012. 80 c.

[6] OECD. Secondary education in Kazakhstan: Review of the national educational policy. Astana: IAC, 2014.

[7] William D. Changing practice in the classroom. Notes from the studies of Sh. Clark, D. Williams and the National
Strategy. 2008.

[8] www.enu.kz/repository/repository2014/kriterial'noe-ocenirovanie.pdf.

[9] Galimova N.Zh., Kalimanova D.Zh. Determination of petroleum hydrocarbons in bottom sediments // XII International
scientific and practical conference "Fundamental and applied problems of obtaining new materials: research, innovations and
technologies" Russian Federation Astrakhan April 24-27, 2018. ISBN 978-5-91910-686- 9.

[10]JA. Kenzhegaliev, A.Abilgazieva, A.Kh. Shakhmanova, D.Z. Kalimanova. Assessment of the ecological status of the
hydrobionts of the northern Caspian Sea in connection with the forthcoming oil production / / Monograph Almaty 2008. 192s.
ISBN 9965-405-22-0.

[11]Kalimanova D.Z. The author's abstract of the dissertation "Ecological features of zoobenthos in the north-eastern part of
the Caspian Sea" Astrakhan, 2008.

— 44—



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

YK 303.443.3
A . Kanumykamena, JI.2K. Katumanona, 3.A. UmankyJjoBa
ATsIpayckuii rocynapcTBeHHBIN yHEBEepcuTeT NM. X.JJocMyxamenoBa, Ateipay, Kazaxcran

DOPMATHUBTI BAFAJIAY - XUMUSI CABAKTAPBIHJA OKBITY
NPOLECIHIH A’KBIPAMAC BOJII'T

Annotanusi. COHFbI XKbUIAAPBI SJIEMJIIK MeIaroruka oKy IbUIapbIH OKY JKETICTIKTepiH Oaranay »KyleciH Kaiita
KapacThIpa/ibl, OUTKeHI Oaranay - OKy HpOLECIHIH Herisri keseHaepiHiH Oipi. MeKTenTiH MakcaTTapblHbIH Oipi -
e3JliriHeH OUIIM ajly, )KeKe TYJIFaHbIH ©31H-631 TaHy, TaObICKa JKETY YILiH BIHTAIAHJBIPY, SFHU CTYJEHTTEPIIH HEeri3ri
KY3IpeTTUTIKTepiH KAJIBINTACTBIPY VIIIH JKaFmai jkacay. Kasakcran PecmyOnmkaceinza OumiM Oepyni JaMbITYIbIH
2011-2020 xputgapra apHaJIFaH MEMIICKETTIK OaFqapiiaMachiHa COMKEC, OKYIIBUIAPIBIH OKY JKETICTIKTEepiH Oaranay
Ke3iHae OoJlallak MaMaHHBIH HETI3Ti KY3bIpeTTEpiH JaMBITy IpoleciHe Oaca Hazap aynapy Kepek. byn ymiiH
OiTiMHIH JIoCcTYpIIi J)XYHeciH Oaranayra eJieyini e3repicTep eHri3y KaxerT.

Tyiiin ce3aep: KaJibINTACTHIPYLIBI Oaranay, KOPBITHIHIBI Oara, KpuTepuaiabl Oaranay, MyramiMaepai Oaranay,
o3iH-031 Oaramnay.

Information about authors:

Kalimukasheva A.D. - Atyrau State University named after Kh. Dosmukhamedov, Atyrau, Kazakhstan,
dana80_04@mail.ru, https://orcid.org/ 0000-0001-6904-3218;

Kalimanova D.Z. - Atyrau State University named after Kh. Dosmukhamedov, Atyrau, Kazakhstan, arall959@mail.ru,
https://orcid.org/0000-0001-9625-3958;

Imankulova Z.A. - Atyrau State University named after Kh. Dosmukhamedov, Atyrau, Kazakhstan, zhmm1331@gmail.com,
https://orcid.org/0000-0002-4928-1339

— 145 =



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2018. 2518-1491.19
Volume 5, Number 431 (2018), 146 — 153

UDK 542.946.7; 543.272.75

A.T. Massenova, M.K. Kalykberdiyev, A.S. Sass,
N.R. Kenzin, E.T. Kanatbayev, V.P. Tsygankov

JSC "Institute of Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", Almaty, Kazakhstan
E-mail: almasenova@mail.ru, mkalykberdiev@mail.ru, aleksandr-sass@mail.ru,
nailkenz@gmail.com, 7087780@mail.ru, cygan-bmk@mail.ru

HYDROGENATION OF AROMATIC HYDROCARBONS IN GASOLINE
FRACTIONS OVER SUPPORTED CATALYSTS UNDER PRESSURE

Abstract. The aim of the work was to study the process of hydrodearomatization of gasoline fractions under
increased hydrogen pressure. It has been used Rh-Pt (9:1)/Al,0;5 catalyst in the work. It has been studied the
hydrogenation of two gasoline fractions of "Atyrau Oil Refinery" LLP (Hydrogenizate KU GBD and Stable
Catalysate LG). Technological parameters of the process of hydrodearomatization for the production of
environmentally friendly fuels, containing no benzene and low in aromatic hydrocarbons have been worked out
(pressure, temperature). Data on group composition of organic substances in gasolines demonstrate that after
catalytic hydrogenation benzene in final samples of two fractions is absent. For hydrogenizate, the aromatic content
decreased from 11.12 weight % to 2.20 weight %. For stable catalysate, the amount of aromatics decreased from 51.5
weight % to 10.96 weight %. The catalyst was studied by BET, porometry and EM methods, which established a
uniform formation of nanoscale particles on the catalyst surface.

Key words: catalysts, hydrogenation, hydrodearomatization, aromatic hydrocarbons, benzene, gasoline.

Introduction

Technical progress in various fields of machine building, machine operation and laws for the
protection of the biosphere tighten the requirements for the quality of fuels and oils. Continuously
deteriorating environmental conditions in the world dictate the need to operate clean and quality fuel. The
quality of fuels depends largely on the hydrocarbon composition. Aromatic hydrocarbons in fuels are
represented by monoaromatic compounds: benzene, toluene, xylene isomers, and polyaromatic
compounds - naphthalene, tetralin and other condensed aromatic compounds.

The product of incomplete combustion of benzene is benzpyrene - a strong carcinogen. When burning
1 liter of gasoline in the exhaust gas, benzpyrene is formed up to 81 pg and in case of 1 liter of diesel fuel
- up to 170 pg. By the standards of gasoline EURO-6, it is provided the benzene content is less than 0.1%
and amounts of aromatic hydrocarbons up to 11%.

When moving to new standards, the problem arises of removing benzene from gasoline, which can
not be separated by conventional physical methods. One of the methods for improving the operational
properties of fuels is their hydrodearomatization, which consists in the hydrogenation of benzene and
polycyclic aromatic hydrocarbons contained in gasoline fractions in the presence of effective catalysts.

Catalytic hydrogenation of aromatic hydrocarbons allows changing the chemical structure of
hydrocarbons in the desired direction and improving the performance of motor fuels [1-8]. Development
and introduction of technology of hydrodearomatization of fuel fractions of oils and fuels will improve the
operational properties of domestic gasolines and the ecological situation in the Republic.

In the process of exploitation of fuels and low quality oils, except harmful emissions into the
atmosphere, there is also rapid wear of the equipment due to the deposition of carbon from polycyclic
aromatic hydrocarbons and the service life of the equipment reduces approximately to 30%. Reducing the
amount of aromatic hydrocarbons in car fuels will extend the service life of the machines.
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Leading countries are engaged in the problem of hydrodearomatization of refined products. These
countries are: Russian Federation, USA, Great Britain, France, Germany, Poland, Japan, China [9-15]. In
the oil refining industry, hydrogenation processes are carried out under harsh conditions (high temperature
and hydrogen pressure) on metal oxide catalysts, where Co, Mo, Ni, Cu, W and other transition metals are
used as the metal. Catalytic systems based on platinum group metals, especially Pt, Pd, Rh and Ru are the
most effective and selective catalysts for hydro - dehydrogenation reactions [11-20].

In the industry use both catalysts on the basis of metals of group VIII and sulphidic, however on the
last one the hydrogenation of benzene and aromatic hydrocarbons is carried out in more stringent
conditions.

Recently Pt-Pd catalysts have been intensively used for the hydrotreating of petroleum products,
especially for the reduction of benzene in gasolines and aromatics in diesel fuels, so they are closely
watched by researchers. The addition of Pd to Pt/Al,O; leads to an increase not only the activity, but also
the stability in the hydrogenation of benzene. By varying the nature of the carrier, modifying the catalysts
reach a uniform distribution of the metals on carriers, optimum acidity and stability against sulfur-
containing compounds.

Taking into account the toughened measures currently applied to motor fuels, the transition to
European quality standards for fuels, as well as the modernization of Kazakhstan's oil refineries, carrying
out research in this area is relevant and timely.

The purpose of this work is to study the catalytic hydrodearomatization of two gasoline fractions of
"Atyrau Oil Refinery" LLP to reduce the content of benzene and aromatic hydrocarbons by hydrogenating
them on supported catalysts based on Group VIII metals.

Experimental

In this work it has been used a catalyst based on the metals of the platinum group Pt and Rh. At
preparation of catalysts were used RhCl;-3H,0, H,PtCls-6H,0 of "chemically pure" mark. Solutions of
these compounds were applied by the adsorption method on the prepared carrier Al,O;. A mixture of
aqueous solutions of two metals was applied at preparation of bimetallic catalysts. The catalyst samples
were filtered off and dried at 100-110°C to constant weight. The reduction of supported catalysts was
carried out in a quartz tube with electrical heating in a hydrogen stream at 200°C for 4 hours, then the
catalysts were cooled in a hydrogen stream until room temperature.

The experiment was carried out on a kinetic installation - the autoclave of "Amar Equipment" in the
isobaric-isothermal regime. Analysis of the initial compounds and reaction products was carried out on the
Crystallux 4000M chromatograph: column Zebron ZB-1 filled with dimethylsiloxane, column length is 30
mm, column diameter is 0.53 mm.

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

Results and discussion

It has been studied the hydrogenation of benzene and aromatic hydrocarbons contained in two
gasoline fractions of "Atyrau Oil Refinery" LLP - Hydrogenizate KU GBD and Stable Catalysate LG. The
content of benzene in them is 2.54% and 5.17%, and aromatics are 11.12% and 51.5%, respectively.

As the catalyst used Rh-Pt(9:1)/Al,03, which showed the greatest efficiency in the hydrogenation of
individual benzene and toluene [2]. The effect of temperature and hydrogen pressure was studied on the
process of hydrogenation of benzene and aromatics for two gasoline fractions.

Data on hydrogenation of sample of gasoline Nel, the hydrogenizate KU GBD in the temperature
range of 25-200°C are presented in table 1. At 25°C after the experiment, the catalysate contains 0.05%
benzene, at higher temperatures benzene is absent, i.e. its conversion reached to 100%. The content of
aromatic hydrocarbons decreased from 11.12% to 2.30-3.05%.
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According to the results of table 1, it can be concluded that, on the effective catalyst Rh-Pt
(9:1)/Al,05, benzene can be hydrogenated at low temperatures, which is important for the industrial
conduct of such a process, since the industry uses temperatures 150-400°C.

Table 1 - Hydrogenation of the fraction of Hydrogenizate KU GBD at various temperatures and 3 MPa

Temperature The content of benzene,% Aromatic content,%
Initial After experiment Initial After experiment
25 0,03 3,05
50 - 2,30
100 2,54 - 11,12 2,63
150 - 2,20
200 - 2,53

When the hydrogen pressure is changed from 2.5 to 4.0 MPa, the time of the catalytic treatment of the
Hydrogenizate KU GBD decreases from 65.0 to 32 minutes (picture 1). The presence of benzene in this
case after the experiment in the amount of 0.06% was observed at 2.5 MPa, with other hydrogen pressure
values there are no traces of benzene. The content of aromatic compounds after hydrogenation of gasoline
on this catalyst varies between 1.23 - 4.65%.
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Figure 1 - Hydrogenation of gasoline (Hydrogenizate KU GBD) at different hydrogen pressures
on Rh-Pt (9:1)/Al,O5 catalyst at 50°C. a - 1 - 2.0 MPa; 2-2.5 MPa; 3 - 3.0 MPa; 4 -3.5 MPa; 5 - 4.0 MPa

At hydrogenation of the second sample of gasoline (Stable catalysate LG) in the range of hydrogen
pressures from 0.5 to 4.0 MPa, the reaction order of the hydrogenation of gasoline on Rh-Pt(9:1)/Al,04
catalyst is on hydrogen, calculated from the bilogarithmic dependence of the rate from the pressure is
equal to 1 (Figure 2, a). Benzene with initial content of 5.17% was completely hydrogenated and removed
from this gasoline fraction, the aromatic content decreased from 51% to 10-14%.

An increase in temperature from 25 to 150°C increases the rate of hydrogenation of the second
sample of gasoline (Figure 2,b) and the apparent activation energy is 40.8 KJ/mol. Benzene with initial
content of 5.17% was completely removed from this gasoline fraction, and the aromatic content decreased
from 51% to 10-15%. It should be noted for Stable catalysate LG, as well as for Hydrogenizate KU GBD,
that is already at 50°C benzene is fully hydrogenated.

Studies of the influence of temperature and hydrogen pressure made it possible to select the optimal
parameters for the production of environmentally friendly fuels without benzene and with a low content of
aromatic hydrocarbons - temperature 50°C and pressure 3 MPa.

Data on group composition of organic substances in two gasolines of initial fractions and after
hydrogenation on Rh-Pt(9:1)/Al,0; catalyst are presented in table 2, P =3 MPa, T = 50°C.
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Figure 2 - Hydrogenation of Stable catalysate LG on Rh-Pt (9:1)/A1,0; at 4.0 MPa. a - bilogarithmic dependence
of rate from pressure; b - dependence of the logarithm of rate from reciprocal temperature

In the initial Hydrogenizate KU GBD benzene was 2.22 wt.% (2.54 vol.%), after hydrogenation
benzene was not detected in the samples - i.e. it was completely hydrogenated, the amount of toluene was
decreased from 2.81 wt.% (3.25 vol%) to 0.54 wt.% (0.64 vol%). The aromatic content in the initial
gasoline was 13.70 wt.% (11.12% by volume), after hydrogenation it became 2.26 wt.% (2.07% by
volume).

It should be noted that the amount of olefins decreased almost 2 times from 0.47 wt.% (0.50% by
volume) to 0.28 wt.% (0.28% by volume), which is very favorable for gasoline, since the presence of
olefins leads to instability (in chemical terms, polymerization and oligomerization reactions proceeds).

In addition, the content of isoparaffins increased from 35.79 wt.% (28.94% by volume) to 44.26 wt.%
(45.04% by volume), which is favorable for the octane number. It is possible that the hydroisomerization
reaction proceeds on this catalyst.

For the Stable catalysate LG, the benzene content in the initial state was 4.53 wt.% (5.17% by
volume), after the reaction the benzene content was 0.15 wt. % (0.19% by volume), i.e. conversion of
benzene equal to 97%. The content of toluene after hydrogenation decreased from 19.65 wt.% (22.63% by
volume) to 12.99 wt.% (15.01% by volume). The amount of aromatics decreased from 51.5 wt. %
(49.19% by volume) to 10.96 wt. % (11.32% by volume).

Table 2 - Group composition of gasoline fractions of initial
and after hydrogenation on Rh-Pt (9:1)/Al,0; catalyst at 3 MPa, 50°C

Sample Name Unit of The content of the defined indicator
measure Paraffins | Isoparaffins | Olefins | Naphthenes | Aromatics | Benzene | Toluene

Hydrogeni-zate | % weight 30,44 35,79 0,47 30,03 13,70 2,22 2,81
KU GBBD initial)

% volume 31,97 28,94 0,50 27,46 11,12 2,54 325
Rh-Pt (90:10)/ % weight 29,47 44,26 0,28 23,77 2,26 - 0,54
AlLO;

% volume 30,46 45,04 0,28 22,19 2,07 - 0,64
Stable catalysate | % weight 16,17 29,57 0,78 1,95 51,5 4,53 19,65
(initial) % volume 19,14 33,66 0,84 1,90 49,19 5,17 22,63
Rh-Pt (90:10)/ % weight 14,71 51,75 0,74 12,08 11,96 0,15 12,99
ALO; % volume 16,12 54,51 0,75 11,78 10,32 0,19 | 1501

The amount of paraffins also decreased from 16.17 wt.% (19.14% by volume) to 14.71wt. % (16.12%
by volume). And the content of isoparaffins increased from 29.57 wt.% (33.66% by volume) to 51.75
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wt.% (54.51% by volume). Apparently there has been a reaction of isomerization of paraffins into
isoparaffins. The amount of olefins practically did not change. The content of naphthenes increased
sharply from 1.95 wt. % (1.90% by volume) to 12.08 wt. % (11.78% by volume).

Gasoline fraction Stable catalysate LG treated in the process of hydrodearomatization was studied for
octane number in LLP "Independent Expertise Center for Oil Products ORGANIC". The data on the
analysis are given in Table 3. The octane number by the research method (RM) after treatment of Stable
catalysate was unchanged and equal to 94 units. And the octane number by the motor method (MM)
increased from 82.6 to 82.7. This indicates that the catalytic treatment of gasoline does not decrease the
octane number.

Table 3 - Octane number of gasoline fraction of Stable catalysate LG before and after catalytic treatment

Gasoline sample Octane number RM Octane number MM
Initial (sample 1) 94 82,6
After experiment (sample 2) 94 82,7

The characteristics of the catalyst determined by method BET and porometry showed a well
developed surface - the surface area of the Rh-Pt(9:1)/ALO; catalyst - 138 m?*/g, the pore diameter - 4-14
A, the catalyst pore volume - 313.28 ml/g.

The surface of catalysts was studied by scanning electron microscopy. In pictures of different increase
of the Rh-Pt (9:1)/Al,0; catalyst (fig. 3) is shown the uniform surface of the carrier, on which
agglomerates of active metals are viewed.
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3
Figure 3 - EM images of Rh-Pt (9:1)/A1,0;
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Figure 4 - EM image of 2% Rh-Pt (9:1)/AL,O; (increase 160,000)

In the transmission electron microscopy photo, Rh-Pt(9:1)/Al,0; catalyst is represented by finely
dispersed particles of 2-2,5 nm in size and a small number of denser and larger particles of 50 nm,
microdiffraction pictures of which are represented by diffuse rings corresponding to metals (Fig. 4). Metal
particles are distributed on the surface of oxide of aluminum and represent the mixed bimetallic Rh-Pt
agglomerates together with Rh particles. The high activity of the catalyst is perhaps caused by formation
of alloys of these metals.

Conclusions

Thus, a highly efficient catalyst for the hydrogenation of gasolines has been synthesized, which
makes it possible to completely remove benzene, and also 2-4 times to reduce the content of aromatic
compounds. The catalyst is tested in the process of hydrogenation of gasolines of two fractions of LLP
"Atyrau Oil Refinery": Hydrogenizate KU GBD and Stable catalysate LG. By method of studying the
effect of temperature and hydrogen pressure for two gasoline fractions were chosen the optimal
parameters (temperature 50°C and pressure 3 MPa) for the production of environmentally friendly fuels,
which do not contain benzene and with low aromatic hydrocarbons content.

Data on the group composition of organic substances in gasolines indicate that for hydrogenizate, the
aromatic content decreased from 13.70 wt.% to 2.26 wt.%. For stable catalysate, the amount of aromatics
decreased from 51.5 wt.% to 10.96 wt.%. The amount of olefins decreased almost 2 times, and the content
of isoparaffins increased from 35.79 wt.% to 44.26 wt.%, which is favorable for the octane number.
Furthermore, the content of isoparaffins also increased from 29.57 wt.% to 51.75 wt.%.

By BET method, porometry and EM was established a uniform formation of metal particles in zero
degree of valence on the surface of catalysts, the composition and nano-sized particles of metals of group
VIII were determined.
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AK «J1.B. Coxonbckuii aThIHIAFbI )KaHAPMaid, KaTajau3 5KoHEe AJIEKTPOXUMUS HHCTUTYThD», AnMaTel, KazakcTan

BEH3UH ®PAKIUAJIAPBIHJAFBI XOII UICTI KOMIPCYTEKTEP/I ’)KOFAPBI KbICBIM/IA
OTBIPFBI3bUIFbIH KATAJIM3ATOPJIAPABI KOJIJIAHY APKbLJIBI CYTEKTEHAIPY

AnHorauusi. JKyMBICTBIH MakcaThl - OCH3WH (paKIMsUIApBIH CYTEKTEHIIPY MPOIECIH CYTETiHIH >XOFaphl
KbIchIMbIHAA 3epTTey. JKymbic Oapbichinga Rh-Pt(9:1)/Al,05 karanuzatopsl kongansuiasl. JKIIC «ATteipay myHai
OHJICY 3aybITBIHBIHY» €Ki OeH3MH (ppakumsuiapbl cyTekreHaipy npoueci OoitbiHma 3eprreninai (Iuaporennszatr KY
I'BJ] xone Typakrsl karanuzar JII'). KypaMbinaa GeH30I1 jKOK KOHE TOMEH MOJIIIEPET] XOIl HiCTI KOMipCyTeKTepi
0ap OKOJNOTHSUIBIK Ta3a JKaHapMaillap eHAIpy VIINIH THIPOJACapoOMaTH3alus MPOIECIHIH TEXHOJOTHSIIBIK
napamerpiepi JkacaiblHABI (KbICHIM, Temieparypa). JKaHapmaiinarbl OpraHMKajblK KOCBUIBICTAPIBIH TOITHIK
KYPaMbIHBIH KOpCETKilITepi OOMBIHINA KaTaIMTHKAJIBIK CYTEKTEHIIpY IMpOLECiHEH COH OEH30J1 KOMIIOHEHTI eKi
OeH3MH (paKIMIAPBIHBIH KYPaMBbIHAH TOJBIFBIMEH JKOWBULIBL. ['maporenusar ¢pakumscel OOMbIHIIA XOWI HicTi
kemipcyrektep Mmemmepi 11,12 mac.%-man 2,20 mac.%-ra neilin Ttemengeni. TypakTbl Karanu3aT (QpakMsICHI
OolipIHIIa X0 HicTi KemipcyTekrep Memuepi 51,5 mac. %-nan 10,96 mac. %-ra neitin remenaeni. Karanuzaropnap
BOT opmici, mopoMeTpust xoHE dIMEKTPOHIBIK MUKPOCKOTITA 3€PTTEIIH/I].

Tyiin ce3iep: KarammzaTtopiap, CyTeKTEHAIPY, THAPOACAPOMATH3ANS, XOII HICTi KeMipcyTeKTep, OSH30I,
OcH3UH.
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IT'NAPUPOBAHUE APOMATHYECKHUX YTJIEBOJOPOJAOB B BEH3MHOBBIX ®PAKLIUAX
HA HAHECEHHBIX KATAJIN3ATOPAX IO/l JABJIEHUEM

Annotanus. Llensio paboTs! SBIAIOCH M3yUEHHE IpoLiecca THAPOeapoMaTH3alul OCH3MHOBBIX (pakiui Ipu
MOBBIIIICHHOM  JIaBJICHWU Bojopoxa. B pabGore wucmomb3oBancs Rh-Pt(9:1)/Al,0; xartamuzatop. HM3yueno
ruapupoBaHne MBYX OeH3WHOBHIX (pakiuit TOO «ATeipayckuii HedTenepepabaTeiBatommii 3aBon» (I'uaporennsar
KY T'BJl u Crabunpneni katamuzaT JII') OTpabGoTaHBl TEXHONOTHYECKHE ITapaMeTphl Ipoliecca THUApoIeapoMa-
THU3AIUH TS [IPOW3BOJICTBA IKOJIOTMYECKH YHCTHIX TOIUIMB, HE COIEpiKailpue OEH30J M ¢ HHU3KUM COICpPKAHHEM
apoOMaTHYECKUX YTICBOAOPOAOB (HaBlIeHHWE, TeMmmeparypa). JlaHHBIE IO TPYIIIOBOMY COCTaBY OpPTaHUYECKHX
BEIleCTB B OSH3MHAX CBUAETEILCTBYIOT O TOM, YTO IOCJIE KATAIUTHYECKOTO T'MAPHPOBAHMsS OEH30JI B KOHEUYHBIX
npobax AByxX (paxuuii oTcyTcTBYeT. J)is ruporenu3ara cojiepxkaniue apoMaTiku cHuminock ¢ 11,12 mac.% no 2,20
Mac.%. JIyis cTaOMIBHOTO KaTajgu3ara KOJIMYECTBO apOMATHKH yMeHbInmwioch ¢ 51,5 mac.% no 10,96 mac.%.
Karanuzarop uccienoan merogamu bIT, mopomerpun 1 DM, KOTOpPhIE YCTAaHOBUJIMO PaBHOMEPHOE 0Opa3oBaHUE
Ha MTOBEPXHOCTH KaTaJIM3aTOPOB HAHOPA3MEPHBIX YACTHII.

Ki1ioueBble cj10Ba: KaTaau3aTopbl, THAPHPOBAHUE, THAPOAEAPOMATH3AIMS, apOMAaTHYECKHUE YTIIEBOJOPOJIBI,
0OeH30J1, OEH3UH.
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