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SELECTIVE HYDROGENATION OF ACETYLENE TO ETHYLENE ON COBALT
CATALYSTS

tAitugan A.N., Y?Tanirbergenova S.K., 1?Tileuberdi Ye., **Mansurov Z.A.

!Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Institute of combustion problems, Almaty, Kazakhstan

The main industrial process of large-scale production of light unsaturated compounds, such
as ethylene, propylene, butenes, and various aromatic compounds (benzene, toluene, xylenes, etc.)
is pyrolysis of gasoline fractions of oil, naphtha and liquefied hydrocarbon gases, in whose thermal
conversions acetylene and diene hydrocarbons are formed along with olefins in small amounts.
Their allocation is often not economically feasible. The presence of them as impurities makes it
impossible to further use olefins for polymerization processes. Thus, acetylene hydrocarbons poison
ethylene polymerization catalysts, so their content in the ethylene fraction fed to the polymerization
should be below 1 ppm. Therefore, one of the most important tasks in preparing the feed for the
preparation of various polymers is the hydrogenation of diene and acetylene hydrocarbons without
the complete hydrogenation of olefins containing only one double bond to alkanes.

Currently, acetylene and diene hydrocarbons from fractions fed to further polymerization are
removed by selective hydrogenation using special catalysts. In this connection, the urgent task is to
develop highly effective selective hydrogenation catalysts characterized by stability, high olefin
selectivity and high catalytic activity.

Various supported catalysts are used as selective hydrogenation catalysts in the industry,
which allow to increase the surface of the active component, prevent sintering and save expensive
metal. Platinum group metals are used as active components of supported hydrogenation catalysts
for multiple carbon-carbon bonds in industry: Pt, Rh, Ru, Pd, deposited on different supports,
copper, cobalt, nickel supported on different supports are also used.

Despite the high selectivity of hydrogenation, using of catalysts containing noble metals
increases the cost of the process. The most suitable is a cobalt-based hydrogenation catalyst, which
has high activity and relatively low cost compared to noble metal catalysts.

Several types of clays of various deposits were taken as a carrier: white, green, red, and
Tonkeria clay. To study the activation process of mineral raw materials, carburization was carried
out and the chemical composition of clays of the neighboring regions of Kazakhstan was
determined

Important feature of the clay structure is the presence of a three-dimensional anionic
framework constructed of SiO4 and AlO4 tetrahedra, interconnected by strong bridges Si-O-Si and
Si-O-Al. Due to this, a system of intracrystalline pores and cavities is formed, having dimensions of
several angstroms, in which occlusion and release of molecules of the corresponding size easily
occurs. The presence of these pores and cavities in the clay framework is associated with the well-
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known molecular sieve properties of clays - the ability to selectively adsorb and desorb molecules
of certain sizes.

Studying the chemical composition of clays and studying the carbonization process, we can
say that all clays can be used as carriers of cobalt carbon catalysts. The main components of clays
of various deposits are SiO2, CaO and Al2Os.

Clay-based cobalt catalysts were prepared by impregnation followed by calcination. The
impregnation was carried out by immersion of the carrier in a concentrated solution of cobalt salt.
The impregnated clay undergoes a process of carbonization during 3-5 hours. The resulting catalyst
containing 2-7% cobalt was used to hydrogenate acetylene.

Their catalytic activity in the acetylene hydrogenation reaction was tested. A study of the
activity of the synthesized catalysts was carried out in a high-pressure laboratory apparatus in the
temperature range of 50-300 °C, pressures of 0.1-3.0 MPa, and a space velocity of 1.0-4.0 h-1. The
hydrogen feed rate was 30-60 ml / min. It was experimentally determined that the study of the
activity of 2-7% cobalt supported catalyst results in the formation of ethylene, ethane and by-
products such as methane.

The influence of the composition of cobalt catalysts on supports on the efficiency in the
reactions of hydrogenation of acetylene to ethylene is determined where 5% cobalt catalysts
supported on clay are optimal. On this catalyst, the ethylene yield selectivity is 80%.

As a result, it is possible to synthesize catalysts for the selective hydrogenation of acetylene
in order to obtain ethylene in the gas phase and can be used in the purification of gas mixtures of
acetylene impurities.
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Annotation. The theory is built and the process of coal gasification under the influence of a low-intensity
magnetoelectric field is implemented. The method and the patented burner increased the heat and completeness of
combustion.

Steam coal (ash content 18-46% by mass) and brand 100 oil fuel oil (light fractions less than
2% mass) account for more than 85% of the heat and electric energy (hereinafter, energy) generated
by the world community [1,2]. According to the International Energy Agency (IEA), more than
90% of carbon dioxide emissions into the atmosphere are from the fuel and energy complex (FEC)
of five states: the USA, China, Russia, India and Japan. Therefore, the IEA, in charge of the energy
and environmental security of the world economy (ME), calls for a switch from fossil natural
energy sources to alternative and renewable energy sources (RES).

IEA appeals have been strong for the US and the EU. The United States (Barack Obama)
adopted the National Energy Initiative program, which provides for a reduction in the share of
carbon energy by 35% by 2030 and by 69% by 2050. The EU has adopted the EU Hydrogen
Economy for the Development Period until 2050 program, the transition to hydrogen energy and
other renewable energy sources. However, the PRC (second in the world in terms of coal reserves
and GDP) is building up its fuel and energy complex on coal. Japan officially announced the
resumption of energy production on coal and the abandonment of nuclear energy. According to the
Concept of development of the coal industry of the Republic of Kazakhstan, new construction and
expansion of the capacities of existing state district power stations and thermal power plants on coal
suggest an increase in consumption of thermal coal from the current 82.83 million to 121.34 million
tons per year [3]. A similar concept was adopted by the Government of the Russian Federation [4].

Therefore, it becomes especially important to reduce the share of coal in the energy sector
by increasing the heat and completeness of its combustion. The report is devoted to this problem
and ecology. Note the chemical composition and the process of burning coal. Coal contains ash and
volatiles clogged in the rocks. After the extraction of coal, they quickly evaporate, reducing its
ability to oxidize, heat and completeness of combustion. Silicon and aluminum oxides, comprising
more than 90% of its mass, are involved in the ash. During combustion, they begin to recover, and
their oxygen components compete with atmospheric air supplied from the outside, i.e. part of the
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heat is removed and the heat of combustion of the coal is lowered. The combustion volume of a
coal particle flies in 2-3 seconds and that part of it that did not have time to burn out constitutes a
mechanical underburning of coal. In modern boilers, these losses reach up to 8% on high-reaction
coal and up to 17% on low-reaction coal. The bulk of the burn occurs in large particles and the coal
is ground into coal dust. Such an operation is accompanied by energy consumption, the loss of
especially valuable volatile substances and the oil content of coal. Loss of fat content of coal
reaches 30-40%. The production of nanocarbon powder shows that the loss of volatiles is 92.1%
[6]. Thus, grinding coal with a grinding coefficient of 1.5 units increases the surface activity of
particles and their reactivity, but causes the loss of volatile substances with high heat transfer.

Therefore, the popular coal grinding operation must be carried out with the collection of
volatile substances for practical needs. Thus, we have developed:

v The method of energy-efficient grinding of coal into fine powder (less than 50
microns), the release and collection of volatile substances purified from coal dust;

v Innovative burner of highly efficient, environmentally friendly burning of low-
reactive coal dust, providing heat and completeness of combustion, comparable to the heat and
completeness of combustion of natural gas.

Considering the market price of coal fines (ten times cheaper than natural gas) and the low
costs of its transportation and storage, we can conclude the possibility of transition of the world
economy to a radically high and perfect level of energy security.

Grinding coal to micron size is a chemical reaction of breaking their carbon - carbon bonds
due to mechanical energy. This is a known method. Given the electromagnetic nature of CC, the
bonds of carbon atoms in a rock, we propose the influence of an electromagnetic field and an
energy-efficient way to break them. This method was implemented and put into operation the pilot
test "COMPLEX on dispersion (grinding) of hard rocks" that meets the requirements of the
Technical conditions TU 70 00 RK 39304006 - 3 AO - 01 - 2001.

An innovative burner [8] was developed, manufactured, tested and patented, for the
industrial use of which furnace equipment was designed. The main unit of such a furnace is an
electromagnetic combustion amplifier, consuming up to 2 kW - hour of electric energy with
unipolar, alternating voltage from 30 to 120 kV with a frequency of 4.5 to 0.45 MHz. By selecting
the voltage and frequency, the combustion temperature of low-reaction coal fines can be raised to
3600 °C and higher, the heat of combustion - up to 50 thousand kJ/kg, CO2 emissions can be
reduced several times, CO - emissions completely stopped, atmospheric air consumption 2 times or
more and reduced release of nitrogen compounds. Participation in the process of combustion of
coal, hydrogen and its hydroxide, atmospheric moisture makes it an environmentally friendly gas.
Hydrated water of amorphous silica SiO. - nH20 and alumina Al,O3 - nH20, which have a high
activity of their surface electrons with a local electric field with a strength of at least 109 VV/m [6], is
also involved in combustion. Having covalent radii (carbon 0.77 - 10°2° m, aluminum 1.18 - 10° m
and silicon 1.14 - 10°2° m), they create Ec=e (4[1gg0-10%°)1 =9 - 10°- 1.602 - 101° - 100 = 1.442 -
10! V/m. With such an electric field strength of a surface electron, a weak influence of an external
electric field on it leads to ionization of these atoms and plasma burning takes place and our device
implements it.
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[IpeacraBneHsl pe3ynbTaThl CHHTE3a U (HYHKIMOHAIN3AIMN OKCHUAA KPEMHHUS ISl JajbHEHILIEro NCIIOIb30BaHUs
B KauecTBe Moaudukaropa HeTSIHbIX OUTYMOB. Pe3ynbTaThl aHANNM30B TOKa3alH, YTO MOJY4YEHHbIE 00paslbl UMEIOT
pazmepsl 0,36-0,74 Mxm.

Hedrsaubie OuTymbl 001a/1al0T Y3KMM MHTEPBAIOM IUIACTUYHOCTH M KOMILJIEKCOM OCHOBHBIX
CBOMCTB, HEOOXOAMMBIX I CO3JIaHUS BBICOKOKAUYECTBEHHBIX IOKPBITUH, OCOOEHHO IpHU
OTpHUIATENLHBIX TeMIlepaTypax. B CBS3M ¢ 3TUM BO3HHUKAeT MOTPEOHOCTh B YJIYYIIEHUU CBONCTB
OUTyMOB TIIyTeM BBEICHHS B HUX Moauduuupyromux a00aBok. MexaHu3M JIeHCTBUS
MOAU(HUKATOPOB COCTOMT B CBSI3BIBAHUU UIMHHOMEPHBIX MOJIEKYll OHTyMa ¢ 0Opa3oBaHHEM
MPOYHON TMPOCTPAHCTBEHHOW CeTKU. B KadecTBE CBS3YIOIMHUX JJIEMEHTOB MOTYT OBITh
WCIIOJIb30BaHbl Pa3JIN4HbIE MATEPUAJIbI, B TOM YMCIIE U HAHOMATEPHAJIBI.

N3-3a manoro pasmepa 1 OOJBIION MJIOIMIAAN MOBEPXHOCTH HaHOMATEpUalbl MOTYT JOCTUYb
TOT e dPPeKT 00BITHOTO MOAUPHUKATOPA TOIBKO 3a CUET JOOABJICHHSI OTHOCHUTEIHFHO HEOOIBIIIOTO
koinyecTBa. CyIlIeCcTBYIOT pa3iMyHble HAHOMATEPHaIIbl, KOTOPbIE MOTYT OBITh MCIOJIb30BaHbI IS
MoguduKauu ~ OWTYMOB,  TakMe  Kak  HaHOIJIMHA, HAaHOKPEMHE3EM, HAHOTHUTAaH,
HAHOTUPAaTUPOBAHHAS U3BECTh, HAHOPA3MEPHBIE IJIACTUKOBBIE MOPOLIKU UITU MOJIMMEPU30BaHHbIE
MOPOLIKH, YTIepOIHbIE HAHOBOJIOKHA U HAHOTPYOKH.

B pabore nns momuduuupoBaHus HEPTSIHOro OuUTyMa OBUIM CHHTE3WPOBAHBI YaCTUIIBI
JTMOKCUAA KPEMHHUS U MPOBEJIeHA UX (QYHKIIMOHATU3AIIHSL.

JIns TpUTOTOBJIEHHMST 4YacTHI[ OKcupa KpemHus (AZl) mpu KOMHATHOH TemIiiepaType
nepememuBanu 0,96 r 6pomun nernnrpumermiiaMmmonus (LITAB) (konuentpanus 2,7 MM), 312 mn
stanona, 660 mu Bombl, 12 mu 25%-HbIil pacTBOp ammuaka, 21,6 MII TEeTpadTHUIOPTOCHIIMKAT
(T20C) B Teuenue 2-x 4acoB, (pUIBTPOBAIN U MPOMBIBAIM JIBA pa3a BOA0H 1 3TaHonoM. CyIINiM B
teuenue 2 cyrok npu 60-80 °C. IlpoBommmm oGxur mpu 650 °C B TedeHme 3-X 4Yacos.
TepmorpaBumeTpuueckas kpuBas (pucyHOK la) mokaszama 23 % mnoTepu Beca, YTO CBSI3aHO C
BeiaencaueM LITADB B coctaBe wacTuil.

W%
W%
W%

600 700 800

400 50 600 0 0 00 600 > 2 00 4 500
T(°C) T(°C) T(°C)

a 0 B
Pucynox 1 — TepmorpaBumerpuueckue kpuBbie 00pa3ioB AZL (a), AZ2 (6) u AZ3 (B)
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Jlanee Ui NPHUTOTOBJCHUS aMHHOMOAM(MHUIIMPOBAHHOTO OKcHaa KpemHusi (AZ2)
poBoAWIoCh aucriepruposanue 1,37 r AZ1 B 1 1 meraHone npu BO3JIEHCTBUM YIbTPa3BYKOM.
Job6aBmm 12 mi 3-amuHonpormnTpudTokcucmiana (AIITOC) u nmepemenmumBany npyu KOMHATHOM
TEMIIEpaType, OCTaBJIsAs Ha HOYb. [IpoBoAWIM LEHTPUPYTHPOBAHUE W MPOMBIBAIH ISTh pa3
MetanosioM. Cymnu nipu 60 °C B Teduenue 20 yacoB B aTMocdepe Bo3yXa U 3aTeM B BaKyyMe.

HK-cnextp obpasma AZ2 (prucyHOK 2a) oKa3ajl HaJIM4Ke IBYX HEOOJBIINX MMKOB ITPH MEHEe
3000 cM™, cBSI3aHHBIX C BaJCHTHBIMH KoieOaumsmu cmsizeii C-H B amuaTHIecKux IMermsx. ITo
CBUJETEILCTBYET O MpUBUBKE amMuHONponuwibHbIX rpynn AIITOC Ha moBepXHOCTh HAHOYACTHII.
XapakTepHble TI0JIOCHI, pacronoxkenHsle B obmactu 3300-3400 cmt m 1620-1650 cm™?, Gpumn
OTHECEHBI K BAJICHTHBIM U Je(opMaliMOHHBIM KoJicObaHusM rpymn amudarudeckoro amuna (N-H)
COOTBETCTBEHHO Ul aMHUHO(DYHKIIMOHAIN3UPOBAHHBIX YacTuil okcuaa kpemuus (ASNP). Onnako
MoJjocel morjomenuss npu 3450 em?t u 1635 cm?! Takke CBA3aHBI C BAJICHTHBIMH |
neOpMAITMOHHBIMU KOJICOAHUSIMHA CHITAHOJIBHBIX TPYIIII, TTO3TOMY TIOJIOCHI IOTJIONICHUS aMUHA HE
MOTYT OBITh YETKO Pa3IHUYHMBI.

W3 tepmorpaBumerpuueckoir kpuBoii AZ2 (pucyHok 10) morteps Beca coctaBisieT 6%, 4TO
CBSI3aHO C OPTaHMYECKUM KOMIIOHEHTOM, TO €CTh aMHHOIPONUIBHBIMU LEemsiMu. 6% moTepu Beca

o3HauaeT, 4To B 100 I' 4aCTHIIBI COAEPKHUTCA 6 T aMuHONPOUIbHEIX rpym (1-10° Moms/r).

80

AZA1
AZ2 70 o )

120 4 o “w |
60 \ Y ™ |

- |
100 50

\
80 40 4 ‘ \

%T

60 i 304 b

T%

40 1 — V" | [ 20 4

20 = (\] 10

T T T T
T T T T
4000 3000 2000 1000 0 4000 3000 2000 1000 0
cm” cm”

a 0
Pucynok 2 — UK-ciektpet AZ1, AZ2 (a) u AZ3 (6)

Jlnist mosTy4eHust IMOKCHIa KPEMHHUS, MOAU(UIIMPOBAHHOTO UMUHOM C Ci14 alIKUIBHOH 1ETbIO
(AZ3) wucnompzoBamu  terpagermnanpaeruny  CH3(CH2)12CHO,  koTopwiii  pearupyer ¢
aMUHOTPYIIaMH B SKBUMOJISIPHOM COOTHOIIEHMH I MOJIyYEHUSI MMHHA C JJIMHHOW Lienbio u3 14
atoMoB yraepoja. s sroro mucmeprupoBanm 1,7 r AZ2 myteM JneleHUs €ro Ha JBe KOJIOHI,
Kaxas u3 Kotopsix cogepxut 0,85 r AZ2 B 500 mi stanona. O6pabaThiBaiy ynbTpa3BykoM oT 30
MuH 10 | 4. Jlo6aBunu terpanenuinoBsiid anpaerus mno 0,1 T B kaxmayro u3 kouod. [lepememuBanm u
OCTaBWJIM PEAKIMOHHYIO CMECh C OOpaTHBIM XOJOAMJIBHUKOM B TedueHue 1 yaca. OcTyauiu u
OT(UIBTPOBBIBAIM, TPOMBLIM IIECTh pa3 Terparuapodypanom. Cymunu B TedyeHue 1 4 mon
BaKyyMOM, a 3aTeM B neuu npu 65-70 °C B TeueHue 3 CyTOK.

HK-cniektp momydyeHHoOro obpasua (pucyHOK 20) IMoKaszajl T€ K€ JBa IHKAa, CBSI3aHHBIE C
konebanusaMu C-H, HO ¢ HHTEHCHBHOCTBIO BBIIIE, YeM paHblie. TepMorpaBuMeTpuyeckas Kpupas
(motepst Beca 15,4 %) nmoaTBepxaaeT Hamu4Kue OONBIIErO KOJTUYECTBA OPraHUYECKOTO KOMIIOHEHTA
B AZ3 no cpaBHenuto ¢ AZ2, paznoxxenue Haunnaercs npu 303 °C.
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Ha pucynke 3 mnpexacraBieHbl 3JIEKTPOHHO-MHUKPOCKOIMYECKHE CHUMKH MOJYYEHHBIX

00pa3IoB, KOTOPBIE MTOKA3aIN, YTO OHU UMEIOT clieAyromue pazmepsl yactuil: AZL - 0,36-0,74 um,
AZ2 -0,41-0,57 um, AZ3 - 0,387-0,668 um.

Pucynox 3 — COM cuumku AZ1 nocie npokanku ripu 650° (a), AZ2 (6), AZ3 (B)

-  _ _ _____________________________________________________________________|
WHCTUTYT Npo6JIeM rOpeHus
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POWDER MIXTURES FOR EXOTHERMIC REACTIONS AND THEIR INDUSTRIAL
APPLICATIONS

12A. Kaliyeva, 12Ye. Tileuberdi, ¥2Ye. Ongarbayev, 3L. Galfetti, 1°Z. Mansurov
Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Institute of combustion problems, Almaty, Kazakhstan
3politecnico di Milano, Space Propulsion Lab (SPLab), Milano, Italy
e-mail: asem.kaliyeva@mail.ru

In recent years, the scope of application of flameless heaters has expanded significantly in
various industries, due to the lack of the need for a fire, the use of open flame, the absence or
impossibility of using electric and gas heating devices and devices. Thermo-packaging has been
known for a long time, which contains a mixture of chemicals for the exothermic reaction. The
heating element in contact with water generates heat. In this case, the hermetically sealed product
is heated due to contact with the heating element. Classical examples are provided by the military
to heat ready-to-eat portioned meals (“MRE”). In addition to the military, there are many other
consumers, such as emergency rations for shelters, for a field athlete, and for heating non-food
items (1-3).

Thermo-bags have also found a wide range of applications in the field of medicine. Due to
the intense warming effect, body heating pads based on flameless heaters relieve unpleasant and
painful sensations during rheumatism, arthritis, osteochondrosis, bruises and sprains. Increases
the effectiveness of therapeutic ointments (dry heat accelerates the healing process) [4,5].

This compositions are used in medicine as a warming compress on any part of the body,
near the focus of pain. This is a new solution in the field of warming in the cold season. They are
recommended for use by lovers of winter holidays or for those who have been in the cold for a long
time. The thermal package will help you quickly and effortlessly warm up for skiers, hunters,
fishermen, fans, builders, military, motorists, etc. Warming bags are an environmentally friendly
source of heat that retains warmth and comfort in all cold conditions.

The powder mixture for carrying out an exothermic reaction mainly includes a powder of
oxidizable metals, such as magnesium, which is activated by adding water, a mixture of calcium
carbonate, sodium carbonate, calcium oxide and aluminum powder can also be used. All alloy
powders are prepared by pressing particles of a metal catalyst into a magnesium surface using a
ball mill and then separating the finished powders into fractions. Most fractions are obtained in
micron sizes. Micron composites of flameless heater compositions are characterized by uneven
heat release, intense only in the initial stage of redox reactions, which is a significant drawback
for the heat exchange process with a heated object.

In work [6], a heating device is presented in which heat is generated by oxidizing an
exothermic composition of aluminum, copper sulfate, potassium chlorate, and calcium sulfate
activated by adding water. The reaction of the mixture produces gases, which can be flammable or
corrosive.

The use of hydration of calcium oxide (CaO) for heat production was also investigated. The
disadvantages of this heater are low thermal power and the need for a large heater due to the low
density of calcium oxide powder [7].
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Taking into account all the shortcomings of the flameless heater compositions previously
studied, our work considers the modernization and improvement of the quality of flameless heater
compositions using nanosized powders synthesized by mechanical activation.

The mechanical activation of powder materials removes them from an equilibrium state,
which determines their unusual properties [8]. As you move away from the equilibrium state, the
number of parameters that determine the state of the system grows, as a result of which the variety
of structures realized in the material expands, and therefore its properties. Mechanical activation
allows you to create active states in a solid, opening up a definite prospect for conducting and
accelerating chemical reactions between solids and obtaining materials in a highly nonequilibrium
state. The structures formed are highly stable under highly nonequilibrium conditions; therefore, a
more thorough study of the evolution of the particle structure during the mechanical activation of
multicomponent mixtures is necessary. The composition of the nanocomposite we are developing
includes a mixture of anhydrous magnesium chloride (acid salt) and calcium oxide (basic
anhydride). The design of the fuel composition will not necessarily contain inert materials to
control the rate of heat generation. Inert materials are believed to bind to heat-releasing reagents,
for example, covering them or forming micelles or other structures to trap them, in order to slow
down water access to the reagents and reduce the reaction rate. Suitable inert materials include
surfactants (surfactants), oils, waxes, and natural or synthetic polymers or combinations thereof.
The inert material is from 5 to 25 wt.%. For example, the heat-generating compound CaO or MgO
can be combined with inert materials to control heat release.

The novelty of this work compared to the state of the art is the use of mechanochemical
activation for the synthesis of finely dispersed materials for flameless heaters. The use of
technological technique as preliminary preparation of system components involving
mechanochemical processing is aimed at increasing the efficiency of creating nanomaterials of a
certain functional purpose and improving the quality of the products obtained. Mechanochemical
activation allows the activation of powder materials, significantly changing their properties. As
shown by numerous studies, the mechanochemical activation of solids is not reduced to simple
grinding, but is also accompanied by a noticeable defect formation and chemical reactions between
the components of the activated mixtures. The synthesized powder nanocomposite materials are
intended as a heat source for thermal packaging.
packaging.

The heat-generating mixtures have several advantages, such as: they are stable for long
periods of time, safe to use and can be easily disposed of after use.

The work deals with the activation of metal powder mixtures suitable for the application in
FRHs. Four activated powders have been manufactured starting from the reference material using a
standard technique and an innovative activation process. The use of powder mixtures of different
compositions for creating safe and highly efficient heaters in the field of chemical heat sources is
considered. Specific features of the proper-ties of powder mixtures are indicated depending on the
structural features of the composites.
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Introduction

In [1] it was developed the first piece of crystalline silicon solar cells with 4,5% conversion
efficiency, which opened up a new era in the application of solar energy. The solar energy
technology development has gone through three stages, such as, monocrystalline and
polycrystalline silicon solar cells; amorphous silicon thin film solar cells; the third generation solar
cells referring to new concept solar cells with high conversion efficiency. Whereas many
approaches have been made in photovoltaic devices, efforts still need to be made to dramatically
enhance the conversion efficiency of photovoltaic cells. One efficient strategy is the introduction of
new structured materials like electrospun nanofiber materials.

Nanofibers are promising materials for lithium-ion batteries (LiBs) because of their good
electrochemical activity, high mechanical strength, and high specific surface area. In this section,
recent advances in the areas of electrospun nanofibrous cathode, anode, and separator materials for
LiBs are briefly summarized.

Nanostructured LiCoO> fiber electrode prepared by electrospinning exhibited enlarged Li
ion and electron conductivity due to the short diffusion distance. As prepared electrode could
display good rate capability and high power density. Unfortunately, such nanofibrous electrodes
have shown poor cycling stability [1].

Carbon nanofibers have been the popular anode materials for LiBs due to several advantages
such as low cost, easy availability, and long cycle life. However, there are also some drawbacks
about carbon nanofibers such as relatively low specific capacity and rate capability.

Supercapacitors are considered to be one of the most promising new energy storage devices
in different areas, such as transportation, electricity, communications, defense, consumer
electronics, and other applications depending on their high power performance, long cycle life, and
low maintenance cost. According on various energy storage mechanisms, supercapacitors can be
classified: pseudocapacitors and electrical double layer capacitors. Pseudocapacitors store energy
based on fast reversible surface redox reactions, whereas electrical double layer capacitors store
energy using ion adsorption and desorption at the electrode and electrolyte interface. Recently,
novel carbon-based materials with rational design of material composition, size, and morphology
have been explored for high-performance electrical double layer capacitors [1].

Electrospinning produces fibers with diameters from nanometers to micrometers when
electrostatic forces act on solutions or melts. The general installation of electrospinning consists of
three main components: a high voltage power supply, in the form of a metal needle and a grounded
collector. In a typical electrospinning process, high voltage is used to dissolve or melt. After this, a
droplet forms depending on the voltage. When the electrostatic force overcomes the surface tension
of the conical droplet, in the end, a charged polymer jet is released from the tip. The interaction
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between the electric field and the surface tension of the liquid draws the jet stream and forces it to
whip, leading to the evaporation of the solvent. This leads to the fact that the jet stream
continuously lengthens, since the long and thin fiber and its fibers are compacted and ultimately
deposited on a grounded collector, which leads to the formation of a homogeneous fiber.

So, electrospun carbon nanofibers from polymer precursors (polybenzimidazole,
polyacrylonitrile and polyimide) have triggered ruling consequent. These electrospun carbon
nanofibers can be utilized as electrode for electrical double layer capacitors after undergoing the
process of stabilization, carbonization and activation, in which the surface area and porosity of the
nanofibers can be improved.

In [3] pure lignin based carbon fibers were successfully synthesized by carbonizing a pure
lignin precursor at varying temperatures ranging from 800°C to 1700°C. A specific capacity of over
310 mAh*g ! and a first coulombic efficiency of 89% was obtained showing a high potential of
using lignin carbon fibers in sodium ion batteries. The results from the high precision coulometry
study indicate that the capacity loss is affected by the carbonization temperature.

Currently, at the laboratory “Synthesis of carbon nanomaterials in flame” synthesized lignin
based fibers from pine wood with polyacrylonitrile polymer and dimethylformamide. Obtained
electrospun lignin fibers were further investigated with the usage of scanning electron microscope,
optical electron microscope and infra-red analysis.

The acquired fibers have sufficiently low diameter (few hundreds nanometers) that should
become even smaller after the carbonization, which induces that the parameters used in the process
of electrospinning are close to being optimal (or even being best possible). Thus, synthesized fibers
will be used as an electrode for an energy storage device.
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Additive technologies are called the technology of creating products with difficult geometric
shapes due to layer-by-layer synthesis or layer-by-layer growing of products using a digital 3D
model.

A distinctive feature of traditional technologies is the manufacture of parts by subtracting
material from the workpiece; in a 3D printer, parts are built by adding material layer by layer to
obtain the finished product. In the traditional processing method, after the completion of processing,
there remains waste material (in some cases reaches 70%) which must be disposed of, and in
additive technologies the waste remains in a minimal amount or is absent [1].

Advantages of additive technology:

Improved properties of the finished product: Due to the fact that the products are built in
layers, they have a unique set of properties.

Saving raw materials: in additive technology they use almost the amount of material
required for the manufacture of the product.

Production of products with complex geometric shapes: additive technology allows the
manufacture of products, which in the manufacturing process by conventional methods have many
difficulties. An example of this is a part inside a part or very complex cooling systems based on
mesh structures.

Accelerating data exchange and mobility of production: to model a product, only a computer
model of the printed material is required, which is simulated in a computer before printing using
special software, for example, Solid works. Printing media can be different, for example, some
technologies use a photosensitive resin, which when polarized with a light or laser from a DLP
(Digital Light Processing) projector is polarized (SLA-printing).

In Fused Deposition Modeling (FDM) printing, a number of elastomers can be used
including acrylonitrile butadiene styrene (ABS). In FDM printing, the process is physical. The
necessary polymer thread passing through a hot nozzle becomes liquid or semi-liquid. The molten
portion of the material is fed through a nozzle (extruder), and the yet-molten material is used as a
piston to extrude through the extruder. The molten material is fed to the place where it is needed. In
this case, the nozzle is displaced along the X and Y coordinates. After that, it is printed as one layer
of the sample, the platform is lowered or the extruder rises along the Z axis to the distance of one
layer and the next layer is printed by the extruder. The platform lowers until the model is complete.
This method creates parts of sufficient rigidity, which can be used for different purposes [2].

Energy-intensive materials in modern science takes a different place. Since they are carriers
of a large amount of energy. Using 3D modeling, you can print the necessary model, modeled using
software. Pyrotechnic substances with a certain geometric shape is very important, because the
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geometric shape of the substance directly affects the combustion process, since it determines the
distribution of thermal energy in space. At the moment, there are articles on the printing of
pyrotechnic substances in which thermoset mixtures are used as consumables, which consist of an
oxidizing agent and a combustible substance.

Analyzing the literature data, a mixture consisting of a termite mixture Al:Fe;O3, and
nitrocellulose as a binder was selected. The energy efficiency of this mixture will be high, since
both components are high-energy compounds.

References

1. 'onuapoBa E.A., bepexnoit KO.M., beccapabos E.H. u T'aiinyrnunos T.M., Haronerssn
E.M. AnnuTuBHBIE TEXHOJIOTHHM - JMHAMHUYHO pa3BUBAIONIEECs HPOU3BOJICTBO // WH)KeHepHBIH
BectHHK Jlona. — 2016. — T. 4. — C. 207-216.

2. Dudek P., “FDM 3D Printing Technology in Manufacturing Composite Elements, //Arch.
Metall. Mater. — 2013. — V. 58. — P. 105.

e ———————————
UHCTUTYT Npo6sieM ropeHus

19



XI International Symposium « COMBUSTION and PLASMOCHEMISTRY»
November 20-22, 2019, ALMATY, KAZAKHSTAN

NANO/MICROSTRUCTURED POROUS SILICON-GRAPHENE COMPOSITE
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Abstract. In this work, we address a solution for the high capacity silicon anode’s shortcomings using a low-cost and
simple fabrication process. 3-D porous structures were obtained by using pore-forming technique. Porous silicon films
coated with graphene designed for li-ion battery anode material application.

Introduction

Graphite has been used as the most main active material for anodes in commercially lithium-
ion batteries due to its low potential, stability and large reserves [1]. However, its limited theoretical
capacity (372 mAhg) is not enough to energy density and capability required to meet ever-growing
demands and cannot exceed the mileage of internal combustion vehicles (~500 miles) [2]. Thus the
development of advanced anodes with high Li* storage capacity at low working voltage has long
been pursued to overcome this limitation and realize high energy and power density. Currently,
various active materials with higher theoretical capacities have been proposed to replace graphite,
for example, silicon, tin, etc. Owing to its high theoretical gravimetric capacity ~4200 mAhg,
relatively low redox voltage and abundance and environmental benignity, silicon is considered as a
promising electrode material for high-energy Li-ion batteries. Despite the fact that great
investigations have been made in recent years, but, totally replacing the commercially graphite by
silicon is still impossible to overcome due to low electrode loading and insufficient areal capacity.
For instance, Park et.al obtained nanostructured silicon with ca. 1800 mAh g capacity, but with
1.0 mg cm? mass loading [3,4]. Also, Yang et.al developed silicon fibers with areal capacity (0.7
mAhcm2) which had limited loading level (0.5 mgem™2) [5].

Researchers, because of these challenges began concentrate their attention on graphite
electrode improvement. Cui and Cho et al. designed a silicon-nanolayer-modified graphite through
chemical vapor deposition (CVD)[6]. Qian et al. proposed hierarchical graphene-scaffolded
silicon/graphite composites with a capacity of 0.6 mAhcm2[7] and Choi and Lee et al. examined a
DNA-polysaccharide-assisted silicon—graphite anode that showed enhanced capacity of 2.4
mAhcm2[8]. However, these attempts still have disadvantages such as flammable acetylene and
silane gas in CVD processing, graphene preparation and insufficient loading level or limited energy
density.

Motivated by the above concerns, we have developed efficient and stable graphene coated
binder-free nano/microporous porous silicon anodes.

The anode material will be synthesis through a two-step method; firstly, by means of spray
coating a mixture of silicon and proppant onto a chemically treated porous nano-nickel before
attaching the composite to a nickel foil, and secondly, introducing graphene sheet onto the
composite via CVD.
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Silicon micron size powder was obtained by ball milling of bulk p-type single-crystal.
Milling time from 15 to 40 minutes in tungsten carbide cup shows that after 30 minutes of milling
the particle is not actively getting lower size. SEM analysis was performed on JOIL JSM 64109.
SEM image on Fig. 1 shows that the main particles size after 30 min milling consists 0.2 — 2
micron.

The next stage of designing of anode material based on silicon was the addition of a pore-
forming agent in the prepared mixture to obtain a porous structure of the material. As a pore-
forming agent, a material based on ammonium salts was selected. Exposing by low temperatures to
pore-forming material it is passes from a solid to a gaseous state without the formation of
intermediate phases. It does not react with the starting materials of the charge. 20% of the optimal
amount of pore-forming agent was experimentally selected, since its increase leads to the formation
of bulk pores, which in turn leads to a decrease in film strength and low adhesion on the Ni surface.
A smaller amount of pore-forming agent leads to a decrease in specific surface area.

Fig. 1. SEM image of silicon powder after 30-minute milling

Synthesis of graphene was carry out in the custom-made tubular CVD furnace. Precursor
gases are CHa:H2:Ar=0.15:1:2 with total gas flow rate of 315 sccm and pressure at 1 atm, with H»
introduced one hour before the CHs and Ar. Carbon dissolution time is 20 minutes at 1000 °C
temperature.

Fig. 2 depicts porous silicon coated with graphene micrograph of the sample after CVD
process. Aggregated particles around 50 to 500 nm in diameter are observable in the figure.

20kV  X3,000 Suym 0000 13 42 SEI

Fig. 2. SEM image of graphene coated porous silicon
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Fig. 3 presents the XRD patterns of the porous silicon-graphene composite on the surface of
porous nickel respectively. For the Si/graphene on porous Ni samples, distinct Si diffraction peaks
can be observed, which are indexed as (111), (220), (311), (100) and (331). Highly intensive Ni
peaks indexed as (111), (100) as a background of substrate material respectively. Carbon peaks is
not observed at any crystalline form. Presence of carbon in the structure shows the peak at 2 theta-
36,7° which is a peak for silicon carbide. High temperature during CVD synthesis of graphene on
the surface of porous silicon leads to the formation of a surface layer of silicon carbide where the
graphene layer is further synthesized.

Raman spectra of porous silicon-graphene composite sample are shown in Fig. 4, the
absorption bands of silicon at 350, 520 and 950 cm™* are observed in the Raman spectrum of all the
samples. The typical bands of carbon at peak G and 2D peak also occur in the Raman spectrum of
the sample. The ratios of I2p/lc of the four samples are around 0.8, confirming that the number of
graphene layer less than 4.
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Fig. 3. XRD pattern of porous silicon-graphene composite on the surface of porous nickel
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Fig. 4. Raman spectra of porous silicon-graphene composite

In present work, we address a solution for the high capacity silicon anode’s shortcomings
using a low-cost and simple fabrication process. 3-D porous structures with high active surface
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were obtained by using pore-forming technique. To pass the problems of silicon conductivity
porous structure was coated with CVD graphene. Porous silicon films coated with graphene
designed for Li-ion battery anode material application.
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TEPMOCTOHUKOCTb U BHYTPEHHEE HAIIPSI’KEHUE OrHEYIIOPOB B
YCJIOBUAX TEIIVIOBbBIX BO3JAEUCTBUHU
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AHHoTanusi. PaboTa mocBsmIeHa H3YyYEHHIO HAa MaKpO-MHKPOYPOBHE TEPMOHANpPSDKEHHH B CTPYKType
(paKIIMOHHOTO COCTaBa NMEPUKIA30BBIX OTHEYNOPOB NPH BBICOKMX M HU3KMX TEIUIOBBIX IMOTOKaxX M WX BIMSHHE HA
TEPMOCTOHKOCTb.

WHCTEHCUBHOCT, W MPOJOJIKUTENBFHOCTh TEIJIOBOTO BO3JIEHCTBUS HA MOBEPXHOCTH
OTHEYNOpa ONpeAeNsieT TEPMOHANPSHKECHHOE COCTOSHHE MaTepuana, KOTopoe (OpMHpYeTCs
HEpPaBHOMEPHBIM paclpefesieHueM TeIIOBOr0 TIOTOKAa B CTPYKType U3JeNHs, a Takke
TEIUIONPOBOAHOCTBIO, HW3MEHEHHEM TEeMIIEPATypHBIX IapaMeTpoB U TEPMOHANPSHKCHUH B
3aBHCHUMOCTH OT (D)pakIMOHHOTO COCTaBa U BEIIECTBEHHOro cojaepkanus marepuana [1, 2]. B
pabore [3] OBUIO MOKa3aHO, YTO TPH PAIMYHBIX CKOpocTsAX HarpeBa (ot 3 mo 12 °C/mun)
MIPOUCXOJIUIIO pa3pyllleHHue BHYTpEHHeW paboueil MOBEepXHOCTH OTHEYHOPHBIX u3aenuil. CKopocTh
TEIJIOBOTO NIOTOKA BIIMSET HAa HAPSPKEHHOE COCTOSIHME MaTepuaa U 3TO 3HAYUTEIbHO CKa3bIBaeTCs
IIPU TOPOTOBBIX €r0 MoKa3aTessiX ¢ KOHLEHTPAIMi BHYTPEHHUX CHUJI Ha MOBEPXHOCTHU m3nenus [4].
YcraHoBneHo [5], 4TO paBHOMEpHOE pPAaclpOCTPaHEHHE CKOPOCTH TEIIOBOTO MOTOKA IMO3BOJISIET
YBEIUYUTh TEPMHUUECKYIO CTAaOMIBHOCTh HANpPSHKEHHOTO COCTOSIHMS OTHEYMOPHBIX Marepuanon. B
pabote [6] mOKa3aH XapakTep pacmnpeereHus] TeMIepaTypHbIX MoJIe Ha paboyeil MOBEPXHOCTH U
TMIIOTETUYECKUX CIIOSIX OTHEYIopa OT CKOpOCTH HarpeBa marepuaina (5-25 °C/mMuH). YcTaHOBJIEH
TypOyYJIEHTHBIN XapakTep TEYEHUS TEeMIIEpaTypHOTO INpolecca KOHIICHTPAIMH HampsHKeHUH 1o
NepUMeTpy MaTepuala U UX CHIDKEHUH Ha ee paboueil MOBEpXHOCTH.

Jlns m3ydeHus CKOPOCTH paclpOCTPaHEHMs] TEIUIOBBIX IMOTOKOB BO BHYTPEHHMX CIIOSIX
MaTepHuaia pa3InyHoro (pakiMOHHOIO COCTaBa B OTHEYNOPHOM IEPHKIA30BOM OJIOKE pa3MepoM
115x65 MM, TommmHOM 20 MM, BBIPE3aHHOTO M3 TOPIEBOM YacTH KUpNHU4a ObUIM MPOCBEPIIEHBI
WINHAPUYECKUE OTBEPCTUS B BHUJIE SUYEEK JAUAMETPOM 3 MM. SUelku 3aroiHsUIM MEepPHUKIa30BbIM
MOPOIITKOM pa3inyHOTO (ppakmuonHoro cocrara 1-0,5 mm (1), menee 0,063 mMm (2) u 2-1 mm (3).
Jl1is u3MepeHust TemrepaTypHbIX MapaMeTpoB YCTaHABIMBAIM TEPMONApPhI B UCCIEAYEMbIX TOUKaX.
[Ipy mpoBeAEHHWH OHKCIEPUMEHTOB YCTAHOBJIEHHBIH OJIOK HarpeBajid BMECTe C ME4Ybl0 WIN
MIPEABAPUTENIBHO PAa30TrpeBaiy neub 10 3aaaHHou temmepatypsl 500, 700, 900 u 1050 °C, a 3atem
BCTaBIISJIM B HEE MOJATOTOBJICHHBIM OJIOK, TEIUIOM30JIUpPYsl CHUCTEMY OT IMOTEepH TeIula B
OKPYXKaIOIIYI0 Cpeay. BbiaepkuBamu wucclenyeMblii OJOK B TEUEHHE 3aJIaHHOTO BPEMEHH,
PETUCTpUPYsI paclpesielieHne TeMIEpaTypbl BO BHYTPEHHUX CJIOSAX MaTepuala siueex.

B pesynbrate uccinenoBaHus ObUIO YCTaHOBJIEHO, YTO C TIIOBBIIIEHHUEM TEMIIEpaTyphbl
uznenus (500, 700, 900 u 1050 °C) yaenbHbIN TEIUIOBON MOTOK CHIDKaeTcs (Ha mpumMepe 3epeH 2-1
MM) ripn 20-TH MHHYTHO# 3kcrio3unuu ¢ 35,5-10% (500 °C) o 18,7-10* Br/m? (1050 °C), a ipu 60-
TH MUHYTHO# — cooTBeTcTBeHHO ¢ 30,2-10% 10 1,7-10* B1/M%. OnHako, HAPOTHB, TEMIIEPATypHbIE
HanpspkeHus nosimatotes — ¢ 337 (500 °C) mo 416 MIla (1050 °C) u ¢ TeyeHHMEM BpEMEHH
Ipolecca YBEJIMUHUBAIOTCS MPAaKTUUYECKHU B ABa paza ¢ 240 no 405 MlIla.
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Hccnenyst TeMnepaTypHble HapsDKEHHUsST (PPaKIIMOHHBIX COCTaBOB, OBLIO YCTAHOBJIICHO: JJIS
KpynHbIX 3epeH 2-1 mMm — 380,5 Mlla; mis menkux 3epen menee 0,063 mm — 345,5 Mlla; - nua
cpennux 3eped 1-0,5 mm — 286,5 MIla. 13 storo cienyer, yTo Hanbojee HU3KHE HANPSHKEHUS
HCTBITHIBAET MaTepual ¢ 3epHamMu pazmepom 1 — 0,5 mm.

[Ipu MeIeHHOM HarpeBe UCHBITYEMbIX U3JICIHI TeMIepaTypHble HApsHKeHUs (Ha TIyOnHe
5 MM) yBENWYHMBAIOTCS, JOXOIs cBoero muka yepe3 110 MUHYT TedeHHs Mpoliecca, 3aTeM OHU
MEJIEHHO CHW)XKAIOTCSI 0 MCXOJHBIX 3HaueHuM. BHyTpeHHuii cioit (20 MM OT TopuLa) JOCTUTaeT
nukKa HanpspbkeHus depe3 80 muHyT TeueHus mporecca (175, 140, 100 Mlla) u npaktudecku
OCTaeTCsl HEM3MEHHMBIM /10 OKOHYaHHUsl sKkcrepuMenTta (kpusble 10-12). Takas >xe TeHaeHUUS
HaOo/1aeTCsl U Ha PUCYHKe 4a,Ipu KOTOPOM IMHK TEMIIEPATYpPHOTO HAMpPsKEHHs (G) COCTaBIsET
ISt 3epeH pazmepom 2 -1 mm — 450 MIla; menee 0,06 — 425 MIlau 1 — 0,5 mm — 405 MIa.

s ycTaHOBJIEHHS TOBEACHHUS TEIUIOBBIX MOTOKOB B OTHEYNOPE MPOBEIEHBI OMBITHI MO
CKOPOCTH paclpeesIeHNs SHEPTUU TeIJIa B CTPYKTYpE THIIOTETHUECKUX CJIOEB MaTepuana. Pacuersl
MOKAa3aji, YTO CKOPOCTh TEIJIOBOIO TMOTOKA CHUYKAETCS C YBEIMYEHHUEM BPEMEHH BBIICPKKU U
TeMIIepaTypsl B cieayrouei nociuenosarenbHoctu: npu 500 °C nHa 78,7 %; npu 700 °C na 73,9 %;
npu 900 °C na 65,6 %; npu 1050 °C na 69,3 %. llpuuem, ciemyeT OTMETUTb, YTO NpPH
temmeparypax 900 u 1050 °C BenmunHa ckopocTH TermioBoro motoka (70-80 Bt/MuH) 3HaYUTEIEHO
ke, yem npu 500 u 700 °C (115-122 Bt/mMuH), KOTOpas CBsi3aHa CO CHIDKEHHEM
TEIUIONPOBOJHOCTH IEPUKIIa3a C IOBBIIIEHHEM TEMIEPATypbl. YCTAHOBJIEHO, YTO HamOOJbIIas
CKOPOCTh TEIUIOBOTO ITOTOKA XapakTepHa i 3epeH 2-1 mwm, cpemnss — menHee 0,063 MM u
HauMmeHbmas — 1-0,5 Mm.

BaxHOI XapaKTepUCTUKON MEPUKIA30BBIX OTHEYNOPOB SIBIAETCS UX TEPMOCTOMKOCTb, T.€.
IIPOTUBOCTOSIHUE MaTepuajia pe3KuM IrepenanaM Ttemmeparyp. OHOW U3 BEIWYUH SBISETCS
CKOpPOCTh HarpeBa Marepuajia WIH CKOPOCTb pacHpOCTPaHEHHUs TEIUIOBBIX IOTOKOB B CTPYKTYpE
u3zenus. YCTaHOBJEHO, YTO C YBEJIMUYEHHUEM CKOPOCTH BO3JCWUCTBUS TeIJla TeMIlepaTypHbIe
HaMpsDKEHUs yBeNWYUBAIOTCs. Tak, cCOrmacHoO pacueTaM M KpUBBIM, BUAHO, UTO MU TITyOHUHE B 5 MM
HCCIIEYEeMOTO CJI0sl U cCKopocTu HarpeBa B 4 °C/MuH HampsikeHue cocrapisier 287 Mlla. B to xe
BpeMsl C yBEIMYEHHEM CKOpocTH HarpeBa no 42,5 °C/MuH TemmepaTypHOE HalpsDKeHHE He
MPOTOPIMOHANIBHO yBenuuuBaeTca W coctaBmsier 416 MIla (B 1,5 pasa). Ilpuuem, ciemyer
OTMETUTh, YTO B TIIyOMHHOM THIOTETUYECKOM clioe B 20 MM C yMEHBIIEHHEM CKOPOCTH Harpena
HalpsDKEHWE B OTHEYNOpE 3HAYMTENbHO CHUXkaercs (B 6,6 pa3a), a mpu OBICTpOM Harpese
HaMnpsbKeHUE KOHIICHTPUPYETCS B 3TOM CIIO€ U TIOCTENeHHO yMeHbInaetrcs (B 1,75 pasa).

3akiarouyenue. IIpoBeneHHble UCCIIEIOBaHMS TOKa3bIBalOT, 4YTO Ha TEPMOCTOMKOCTb
OTHEYIIOPOB OOJBIIOE BIUSHUE OKa3bIBa€T KAaK MHOTOKPATHBIM HarpeB, TaK U MHOTOKPATHOE
OXJaXJEHUE H3JENU, 4TO SBISETCS MPUUMHOM TpermMHOOOpa30BaHUS U pa3pylICHUs H3AETui.
Pazpymienne orHeymopoB YCKOpSIETCSI TIPH TOBBIIIEHUW TEMIEPATyphl HMCIBITAHUS W3ACIUAS M
CKOPOCTH TEIJIOBOTO MOTOKA, IPU KOTOPOW HArpeBaeTCs M OXJIAKJIAETCS MaTepHall. Y CTAHOBJIEHO,
9T0 (hopMHpOBaHME TEPMOCTOMKON CTPYKTYyphl OTHEYNOpPOB ompezaensercs (pakiuOHHBIM
COCTABOM M paCIpeAesICeHUEM KPYITHBIX, CPEAHUX U MEJIKUX 3€PEH.

Hactosmas pabora BeimonHeHa npu nojnepxkke Komurera Hayku MOH PK B pamkax
IPaHTOBOrO (hMHAHCUPOBAHUS HAYUHBIX HccienoBanuit (mpoexkra MPH AP05134808).
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MOJYYEHUE BUTYMOB IYTEM OKUCJIEHHUS PA3JINYHBIX HE®TSIHBIX
OTXOJI0B

Carpinrasun II.A., Akkasun E.A.

Kazaxckuit HarmoHamBHBIN YHUBepcUTET NM. Anb-®apabu, Kazaxcran, r. Ammartst

B cBs3u ¢ yBennueHueMm aBToMOOMIbHOrO mapka B PecrmyOmuke KazaxcTaH akTyaiabHBIM
BOIIPOCOM  SIBJISIETCSl  pacIIMpPEHUE AaBTOJOPOKHOTO CTPOUTENbCTBA. YBEIMUEHUE O00beMa
UCIOJb30BaHUS OUTYMOB TpeOyeT yBeluyeHHs o0BbEMOB €ro npous3BojcTBa. s obecnedeHus
noTpeOHOCTH B OuTymMe OyayT paspaboTanbl 3()QPEKTUBHBIC TOIXOABI JUISI OCYIIECTBICHUS
mporecca IMOJy4yeHHss OuTyMa U3 pa3iuuyHblX Hedrell M mnapaduHOBBIX HE(PTAHBIX OTXOIOB.
HccnenoBanusi, mMpoBeJCHHBIE B TPOILECCE OKUCICHUS HE(TSIHOTO CBIPHS, MO3BOJISIOT BBIIBUTH
OUTYyMBl W TpPENJIOKHUTH Hamboiee APQPEKTHUBHBIE CHOCOOBI TOJIYYCHHS M3 HUX OHTYMOB C
yIy4IIEHHBIMU CBOMCTBAMH.

[lenp pabotel — paszpaboTka dAG(HEKTHBHBIX MOAXOIOB JUIsI OCYIIECTBICHUS IpoIiecca
MOJydeHHss OUTyMa M3 Pa3Nu4HbIX HepTed M napaduHOBBIX HE(TAHBIX OTXOJOB U H3Yy4eHHE
3(¢(EeKTUBHOCTH BKJIIOYEHHS PE3HMHOBOM KpOIIKM B KayecTBe IpeoOpas3oBareisi B IpPOLECC
OKHCIICHUS HEPTSIHOTO ChIPbS.

B otHomenun Bozayxa mpu temneparype 240 °C poccuiickuii ryapon okucisercs 2,5-3,0
yaca ¢ Jo0aBJIeHuEM pe3nHOBOM kpomku. Pacxos Bozayxa 6-8 j1/MuH.

TexHuuyeckue Mokasaread Ha MPOAYKLHIO, MOJYYEHHYIO IpU OKHCIIeHUu ryapoHa Poccus
(CapatoB) 10 mac. % u pe3uHoBoi kpouku 7 mac. % 2,5-3,0 4, COOTBETCTBOBAIN CTaHIAPTHBIM
xapakrepuctukam Mapok BH 50/50 u BH 70/30 ctpoutenbHbIX OUTYMOB.

B npouecce npu Hu3kux Temmeparypax 10 240 °C He HabI0Aa7I0Ch OOIBIIOTO KOJUYECTBA
ra3o00pa3HbIX CEPHHUCTHIX COECAUHEHHH. DTO CBUIETEIBCTBYET O TOM, YTO PE3MHOBBIE KPOIIKU
MOKHO MCIIOJIb30BaTh B KayecTBE IMpeoOpa3zoBaTessl YIJIEBOJAOPOJHOIO ChIPbs JUIsl MOJTYYEHHUs
He(TAHBIX OUTYMOB.

[Tony4yeHHbIe pe3ynbTaThl MMOKA3bIBAIOT, YTO NPU J00aBKE PE3UHOBOI KPOILIKHM MOXKHO
YMEHBIIUTh MPOJOJIKUTEIBHOCTh Mpollecca MOIYYeHHs] OUTyMa U CMSTYUTHh PEXHUMBI BEIACHHUS
nporecca. [lo maHHBIM JHUTEpaTyphbl, MPOLECC OKUCIEHHUS TSDKENbIX HEPTSIHBIX OTXOJOB U
MOJTyYeHHUsT OMTyMa OCYIIECTBISIETCS JUTUTEeNIbHOE BpeMst (8-12 gacoB) u mpu Temmneparype 250-270
°C. B aro0ii pabote Bpems MPOXOXKACHUS Mpollecca OKUCICHHUS He(TSHOTO ChIPhbsl COKpAIIAeTCs B
HECKOJIBKO pa3 B pe3yJsibTaTe A00aBJICHUS PE3MHOBOI KPOIIKM M KOHCTPYKTHBHBIX OCOOEHHOCTEH
ycTraHoBKH. [Iporiecc okuciieHns MazyTta NpoXOoAUT IIPH TeMIlepaType Huxe 2,5-3 gaca U M03BOJISIET
MOJIy4aTh pa3jMyYHble MapKH CTPOUTEIHHOTO0 OWUTyMa B 3aBUCHMOCTH OT MPHUPOJBLI HCXOJHOTO
CBIPBSI.
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HOBBIE BBICOKOJEMII®UPYIOIMNI KEJE3AYTJIEPOJIUCTHIN CILIAB

BepkunobaeBa A.C., Aduakacosa C.O.

AnmaTtunckuil TexHOIOorn4eckuii Y HuBepcuTeT
e-mail: aknur.b78@mail.ru

B pabGore wmccnenoBaHO 3BYKOHM3IYYCHHE IKEIC30YTICPOAMCTHIX CIUTaBOB. CILIaBbI
MOJIBEprajiuch TepMooOpaboTKe: HOpManu3alus, LEMEHTAlMs, C TMOCIEAyIOImed 3aKalkol Hu
HU3KUM OTIIYCKOM. MUHHMMaNbHBIM 3ByKou3JlydeHneM obnanaer cmias 3 (111 nbA).

Llenpto paboThl siBIsieTCsl pa3paboTka AeMIUPYIOMIUX >KEIe30yTIepPOJUCTHIX CILIABOB.
KOHCTpYKIIMOHHBIE JICTUPOBAHHBIC CTAIH MPUMCHSIOT B CTPOHUTEILCTBE, MAIIUHOCTPOCHUU,
npubopoctpoeHnu u T1.1. [lo cpaBHEHHIO C YrJIepOAUCTHIMH JIETUPOBAHHBIE CTAJIM OOIaNal0T
OJIarONPHUATHBIM COYETAHUEM TIPOYHOCTH, IUTACTUYHOCTH M BS3KOCTH, a TakKe BBICOKOM
XJIaJI0CTOMKOCTHIO [1].

[Tpu paboTe MalmH ¥ MEXaHU3MOB, PAOOTAIONINX B PEKUME TPECHUS U COYIApPCHHM (IeTalin
JIBUTATEJICH TEMJI0BO30B; MEXaHU3MBbI TEIIOBO3a, padOTAIOIIUE B PeKUME [IUKIMYECKUX HATPY30K U
Ip.) TEHEPUPYETCS IIIYM MOBBIIICHHOT'O YPOBHSI.

OTH JeTanu W MEXaHHU3Mbl M3TOTABIMBAIOT W3 CTAHJAPTHBIX CTaliel, 4TO CcoJep)KaHue
JIETUPYIOIIETO dJeMeHTa cocTaBisieT X — XpoM, I'- Mmapranerniom u ®@- Banaguii - 20X, 18XI, 15X 0.

Jlns vccrenoBaHUsl aKyCTHUECKUX M IEMI(UPYIONUX CBONCTB 3TUX CTallell MCIOIb30BAIN
METOJIMKY MOJICITUPOBAHUS YAAPHBIX MPOIECCOB IMOCPEICTBOM Imapa (yIapHHK) W TUTACTHHBI
(obpaser, u3 craneit 15X, 20X, 18XT", 15X® u BHOBb pa3pabOTaHHBIX CIIJIaBOB) [2].

B kadecTBe 00BeKkTa HCCICIOBAaHUS OBLIM BBIOPAHBI CTAIM C COJEP)KAHUEM YIJIepoja OT
0,12% mo 0,27% T.e. muama3oH MO3BTEKTOMAHBIX cranei (Tabmuma 1). Takum oOGpa3om, Obuia
MOCTaBIICHA 3aJlaya JaTh OICHKY JEMII(UPYIONIMX CBOWCTB TPYIIE HU3KOJICTHPOBAHHBIX CTaJICH,
HCIOJIb3YEMBIX B YCIOBHSIX U3HOCA M TPEHHUS.

ONBITHBIE CIUIABBI BBHIUIABISUIA B THTEIHHOW WHIYKIIMOHHOW IEYH €MKOCTBIO 12 Kr ¢
OCHOBHOU ¢yTepoBkoil. HMCXOIHBIM MaTepualioM CIYXHIO apMKo-xkene3o. JlerupoBaHue
npousBoamn 97,6 %- HBIM MeTalmuueckuMm wmapraniem, 77,5 % FeSi-upim 1, 80%-HbIM
METAINTUYECKUM I[epueM. YTJIePOOCOAepKaIIe MA00aBKOM CIYXHJI CHHTETHYECKUH YYTyH C
conepxkanuemM yriepoga 3,9%. Cranu oTIMBalM B METAJUIMUECKYIO H3JIOXKHHUIYY pa3MepaMu
210x115x115 mMm.

HccienoBanre XapakTEPUCTUK 3BYKOU3ITYUEHHUS MTPOBOIMIIA HA YCTAHOBKE IS M3MEPEHUS
XapaKTePUCTHK 3BYKOU3IIYUCHHUs COYIAPSIONINXCS IIapa U acTuHbl [4]. AKycTHuueckue cBOWCTBa
CIUTaBOB OIEHUBAIKNCH 110 YPOBHIO 3BYKOBOTO JIABJICHHS W CKOPOCTH 3aTyXaHUs 3ByKa YPOBHU
3BYKOBOTO JaBJICHUS OBLTU MCCIEIOBAHBI B OKTaBHBIX MOJIOCAX 4acTOT B nuama3zoHe ot 0,5 mo 16
kI, ypoBeHb 3ByKa - o mkaie "A".

B tabnume 2 mpencTaBieHbl CpeJHUE 3HAYCHHS YPOBHEH 3ByKa M YPOBHEW 3BYKOBOTO
JABJICHUS B OKTABHBIX TI0JI0CAX CPEJHETCOMETPHUYECKHX YacTOT HCCIICIOBAHHBIX CTaJCH IOCIe
HOpPMAaJIH3aIUH, [IEMEHTAIINH, 3aKAJIKH U OTITYCKa.
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Tabnuna 1 — XuMHUECKUil COCTaB U MEXaHMYECKHE CBOMCTBA MCCIIEIOBAHHBIX CTajeH [3]

Mapka | Xumudgeckuii coctas. Bec % Mexanudeckue
cTam cBOMCTBA, %
C Si Mn Cr Ni Hpyrue KCU, |y |05 |Zs Or
SJIEMEHTBI Jx/
cm?
% Mlla
20X <0,12- |<0,07 |<0,25- |<0,25 |<0,3 Cu<0,30; 90 55 |25 |420 |250
0,24 0,50 S<0,040;
P<0,035
18XI"  |<0,05- |<0,05- |[<0,35- [<0,10 |<0,25 |S<0,04, 90 60 |35 (330 |200
0,11 0,17 0,65 P<0,035;
Cu<0,25;
N=<0.25
As<0.08;
15X |0,27- |0,17- | 0,5- <0,25 | <0,25 | Cu<0,25; 90 50 | 23 | 460 | 280
0,30 0,37 0,8 S<0,035;
P<0,25

Tabmuua 2 — CpenHue 3HaUeHUs! YpPOBHEH 3ByKa U YPOBHEH 3BYKOBOT'O JABJICHHSI OTIBITHBIX
CIUIaBOB TIOCJE HOPMAaJW3alMu (HOPM) M ILIEMEHTAllMu C MOCIEAYIoUeHd 3aKajJKod U HHU3KUM

otiyckoMm (I[30)
No Bun V311, nb B OKTaBHBIX 1oJjiocax co | YposeH| Hucne
b
criaBa| Tepmoo6 CpPEeTHETEOMETPUIECKUMH YacToTaMu, ['11 3ByKa, | pcus
paboTku 250 500 1000 2000 4000 8000 | 16000 nb S?
1 2 3 4 5 6 7 8 9 10 11

20X Hopwm 53 57 57 59 68 109 110 112 0,843
20X 1130 56 57 57 62 69 105 107 105 1,270
18XT Hopm 50 53 56 60 74 111 112 112 1,491
18XT 1130 57 53 58 59 72 106 105 107 2,066
15XD Hopm 53 57 56 61 78 112 116 117 1,082
15XD 1130 57 55 62 64 78 108 110 108 1,232
S5II, Hopm 54 55 56 59 74 108 108 112 1,067
S5 1130 54 52 59 62 77 108 110 108 1,287
6J1/1 Hopm 52 56 57 60 72 109 106 111 1,324
6J1/1 1130 57 51 58 59 72 104 108 105 1,290
711 Hopm 50 54 55 57 68 108 105 108 1,363
711 1130 50 56 54 57 65 104 110 106 2,054
8JI1 Hopm 51 53 54 55 71 98 100 101 2,033
8JI]1 1130 56 57 58 55 67 95 99 97 1,921
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Kak BugHO n3 Tabmuusl 2, muk Y3/ (YpoBHH 3BYKOBOTO JJaBJICHUS ) HAXOAUTCS HA YaCTOTAX
8000 1 16000 I'; (112-116 ab). Munumym Y3][ — na gactote 250 I'ty (50-54 ab).

YpoBHU 3ByKa HCCIEAOBAaHHBIX CIUIABOB H3MEHAIOTCS B jauanazoHe 110-116 nbA.
Haubonee «3BoHKHME» cIiaBbl 1pu coynapeHusx — 1o 15X®d (116 nbA), 18XI" (114 nbA), 20X
(113 abA). Aemndupyromme crutas 8J1/] BeigenseTcst U3 BceX CIIABOB HU3KUM 3HAYCHHEM YPOBHS
3Byka (100 1BA) 1 cpaBHHUTEIILHO HEBBICOKUMH 3HAYEHUSIMHU YPOBHEH 3BYKOBOTO JAaBiieHus [5].

[TpuunHoil BeIcOKUX Aemmdupyrommux cBoiictB crutasa 8JI/1 (0,19% C; 0,38% Si; 0,75%
Mn; 0,04% B; 0,01% V ocrampHoe - Xele30) MOcie HOpPMadu3allid SBIAETCS CTPYKTYpPHOE
neMiupoBaHUE 3a CUET 00pa30BaHMsI KPYITHOTO 3epHa MeTasuia [6].

BrlienepeurcieHHble CIUIaBbl MOCIE IIEMEHTAMU M TOCIHEAYIOUIMX 3aKadKd W HU3KOTo
OTITyCKa TIPOSBISIOT MOBBIIMICHHBIE JeMII(pUPYIOIHEe CBOWCTBA MO CPABHEHUIO C HOPMaIHM3aIHUEH.
Kak BugHO M3 Tabmuiel 2, MakCUMyMbl YPOBHEH 3BYKOBOT'O JaBIIEHHS B OKTaBHBIX MOJIOCAX
CPEIHEr€OMETPUYECKUX YacTOT HaxoasTcs Takke Ha vactorax 8000 m 16000 I'm (95-110 nb).
Munumymsl — Ha yactote 250-500 I'u (50-58 nb).

CmnaB 8JIJ] xapakTepusyeTcsi MUHUMAJIbHBIMU 3Hau€HUsIMU ypoBHel 3Byka (97 nbA) u
YPOBHE# 3BYKOBOT'O JJaBJICHHS B OKTaBHBIX MOJIOCAX YaCTOT.

3akjaouyeHue

1. PazpaGoran HOBbI JemMnupyrolUMil CIlaB  00MajarolMii  ONTUMAaJbHBIMU
¢busnkomexannueckumu 1 aemmdupyromumu csoiicteamu 8 JIJI (0,19%C; 0,38% Si; 0,75% Mn;
0,04% B; 0,01% V ocransHoe Fe) 3ToT cruiaB mpu coyaapeHuu reHepupyer mryma Ha 4-8 abA
HUXKE, YeM aHAJIOTUYHBIC CTUIABEI.

2. Tepmuyeckass oOpabOTKa MCCIEAOBAHHBIX CIIABOB MOXKET YXYALIUTH AeMIlpupyomme
CBOMCTBA (HOpMaIM3aIMK) U YIy4YIIUTh (IEMEHTAlLMsI, 3aKallKa, OTITYCK).
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AnHotanus. B Hactosmieli pabote paccMaTprBalioch IOJMyYeHUE KOJUIOMHBIX CUCTEM ¢ 3(upa Leroi030ii B
KavyecTBe Teeoo0pazoBarelisi M IMOPOIIKa JUOKCHAA KpeMHHUsl - HamosHuTens. [lokasaHo kak Iox BO3JeHCTBHEM
yIbTpa3BykoBoil 00paboTku (Y30) MpOUCXOTUT U3MEHEHUE CTPYKTYPHI B3BEIICHHBIX YACTHI[ M CBOWCTB TEICBOI
cucreMbl. Y30 obecrieunBaeT cTaOMIN3aLNIO COCTOSHUS U PETYJINPOBAHUE CBONCTB KOJUIOUAHBIX KOMITO3HIIUH.

[Tpu Bo3aeWCTBUM YJIBbTpa3ByKa Ha BOJHBIE PAacTBOPbl B HHUX BO3HHKAeT MEPEMEHHOE
3BYKOBO€ [aBJICHHE, aMIUTUTY/Aa KOTOPOTO JOCTHUTAeT TMOpsaKa HecKoimbkux armocdep. Ilox
JeWCTBUEM TaKOro IAaBJIEHUS HUJIKOCTb MONEPEMEHHO HCIBITHIBACT CXKaTHE W pacTsbkeHue. [lpu
pacnpoCTpaHEHUH YJIbTPa3BYKOBOW BOJHBI B JKUIKOCTH: PACTATHBAIOLINE YCWIMS B 00JAcCTH
paspexeHus BOJHBI NPUBOJAT K OOpa30BaHUIO B JKUAKOCTH paspblBOB, T. €. MeJIbYalIINX
My3bIPHKOB, 3aMIOJIHEHHBIX Ta30M U MapOM, KOTOpbIE JIONAIOTCS, co3/iaBas 3(HeKT MUKPOB3PHIBOB,
COMPOBOKIAEMBIX TOKATLHBIM TIOBbIIIEHHeM Temmeparypsl 1o 1 000 °C u maBnenmem 10 coTeH
atmocep [1, 2]. Takum o6pa3oM B IKHMIKOCTH YJIbTPa3BYKOBbIE BOJHBI TE€HEPUPYIOT
KaBUTAI[MOHHBIE ITy3bIpbKU. Pa3mep 3TUX My3bIpbKOB BO3pACTAET, U MPH MOBBILICHNH J1aBJICHUS OHU
B3pPBIBAIOTCS C BBICBOOOXKJIEHHMEM OOJBIIOrO KojaumdectBa HSHepruu. lloxg BoznelcTBUEM
KaBUTAI[MOHHOTO 3(QeKTa NPOUCXOAUT KaK H3MEHEHHE COCTOSIHMS MKHJIKOH cpeabl, Tak Hu
paspylieHre TBEpIbIX YacTHIl, HAXOJAIIMXCSH B JKUAKOCTH. B CBSA3M € 3TUM yIbTpa3ByKOBYIO
00paboTKy LIMPOKO HCHOJB3YIOT NPU CO3JaHUM KOJUIOMAHBIX CHCTEM Ha TeJIeBOH OCHOBE C
pPa3IMYHBIMM  TIOPOLUIKOBBIMU  HAMOJHUTEISIMH, B YaCTHOCTM B  (papMalEeBTUYECKOM H
KocMmeTndeckoit orpacnu. IIpu 3TomM BakHO Moao0paTh Kak COCTAaB KOJUIOMIHOW CMECH, Tak U
YCIIOBUS yIBTPa3BYKOBOT'O BO3JIEHCTBUA [3].

B mnacrosmeit pabore kommougHas OCHOBa Oblla MOJy4YeHa C MCIOJIb30BaHHEM 3(dupa
nemwtono3el Mapku  Walocel xtr  60-30, koropas XapakTepu3yercsi BBICOKOW CKOPOCTBIO
pacTBOpPEHHUS] U BBICOKON CTOMKOCTBIO K M3MEHEHHI0 pH cpeabl U COXpaHSAET BS3KOCTb B KHUCIIOW
cpene. B xadecTBe ynbTpaAMCIIEPCHOTO HAMOIHUTENS MCIOJB30BAJCS CUHTETUYECKUN aMOp(]HbIi
OUOKCHZAa KpeMHus uuctoroil 99,9 %. J[luokcua KpeMHHs TpeABapUTENbHO IOABEpraics
M3MENBbUYCHHUIO B IIApoBoOi jabopatopHoil MenbHulle (aktuBatop) MJI-1p: mpousBoautens 3A0
«ITAPUTET», ckopoctb Bpamienus Oapabana - 100 oGopot. /mMuH, mouHOCTh — 10 0,55 kBT.
I'eneBble cucTEMBI U UX CMECH C JIMOKCHUJOM KpeMHHUsI oOpabaThlBaJIUCh B YIbTPa3BYKOBOM
MHOTOQYHKIIMOHaTbHOM anmapare moxenmu Y3TA — 0,05/27-0 ¢ wacroroit BO30YKIaeMbIX
koneOanuit 27 k[’ u momHuocTeio 100 BaTT. BpUTH IPUTOTOBICHBI CUCTEMBI KaK Ha BOJIHOM, TaK U
BOJHO-CIIMPTOBOM OCHOBE. llpucyTcTBHE 3TMIIOBOrO cnMpTa M TJIMIEPHHA B BOJHOM pacTBOpE
CIIOCOOCTBYET YCKOPEHMIO IIpollecca H3MENbUYEHHMs U TOIY4EHHUI0 0oJiee BBICOKOIMCIEPCHOTO
MOPOIIIKA TUOKCUAA KPEMHHUS.
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B mponiecce MXO B mpUCYTCTBHM BOJHOTO pacTBOpa STUIIOBOTO CIHUPTA MPOUCXOJUT
M3MENbYeHHE YaCTHUIl TaK, YTO B UTOTE MOPOLIOK COCTOUT U3 c(hepouIanbHbIX arlioMepHUpPOBAHHBIX
gactuir pasmepom okoio 100-200 am B amamerpe (pucyHok 1 a). Ilpu mocnmemyromeit
yIIBTPa3BYKOBOM 00pabOTKe IUOKCHAAa KPEMHHUS B BOJHO-CIIUPTOBOM cpefie, MpEkIe BCEro,
MIPOUCXOUT IPO3HsI MOBEPXHOCTH YACTHUII, OTKAIBIBAHUE U Pa3PYIICHUE YACTHUIl IO O0JIee MEIKUX
pasmepoB (pucyHok 1 6). B pesynapraTte Y30 4acTHUIbl HIMEIOT PHIXJIYIO TOBEPXHOCTH, YTO JOJIKHO
MOBBIIIATH AJICOPOIMOHHYIO CIHOCOOHOCTh YAaCTHI[ JUOKCHAAa KPEMHHUsS, a 3TO UMEET BaKHOE
3HaYEHUE MpPHU HCMOJIH30BAaHMM €ro B KAYECTBE HAIOJIHUTENS B TEJIEBBIX CHUCTEMaX OCOOEHHO
(hapMaIreBTHYECKOTO M KOCMETUYECKOTO Ha3HAUCHUSI.

Pucynok 1 — DIeKTpOHHO-MUKPOCKOMTMYECKHE CHUMKHU YacTHUIl AUOKCH]Ia KPEMHHUS TTOCIIe
MXO B mapoBoit menbHHIlE (a) U nocie Y3 06padboTku (0) B BOAHOM PacTBOPE STUIIOBOTO CIIUPTA

3atemM ObUIM TPUTOTOBJICHBI TEJEBBIE CHUCTEMBI ¢ dupa Ieuono3onu. PaccmaTpuBanuch
CHCTEMBl TIpM pa3HOM COOTHOIIEHHE BoJa - Ie/unono3a — riunepuH. Coxaepikanue sdupa
1eJUTI0103bI u3MeHsToch oT 0,5 10 5 %. ConeprkaHue TJIMIIEpUHA B T€IEBOM OCHOBE U3MEHSIIOCH OT
16 no 49,9%. Bapuanueil cOCTaBASIONIMX KOMIOHEHT MOKHO MOJYYUTh CHUCTEMY CpeaHEen
BS3KOCTH W C BBICOKOH JJIEKTPOIPOBOIHOCTBIO, T.€. C HEOOXOIUMBIMH PEOIOTHICCKUMHU
CBOWCTBAaMM M BBICOKOW aKTHBHOCTBIO. ['eneBble cHCTeMBbl ¢ 3(upa LEUII0JI030H IMOABEPralnuch
YIBTPa3BYKOBOM 00pabOTKe, YTOOBI HAIMpaBJICHHO PETYJIMPOBATH COCTOSHHE U KAaYECTBEHHOE
M3MEHEeHHEe MoiydyaemMoro marepuana. Hambonee 3¢ddekTuBHO 3TO MposBIsSETCs B U3MEHEHUU
BSI3KOCTH TEJIEBOM CHCTEMBI, YTO HATJISATHO MPEICTABICHO B rpadyecKoil 3aBUCIMOCTH BSI3KOCTH
OT cojep)kaHus d(pupa IeJUTI0N03bl B BOAHO-TJIMLEPUHOBBIX pacTBOpax npu coaepxkanun 50%
BOJIBL. ¥ TIOCHIEytONIero Bo3aecTeust Y30 (pUCyHOK 2).

B monyueHHyio reneByro cHCTEMY BBOAMJICS AMOKCHA KpeMHHs mocie Y30 B BOJHO-
CIIMPTOBOM pPACTBOpE. 3aTeM MOJyYEHHAass CMECh Takxe nojasepragack Y30, B pe3yiabTaTe KOTOPOU
MOBBIIIACTCS BSI3KOCTh CHCTEMbI. B Tabmuiie | mpuBeAeHBI pe3ylbTaThl U3MEpPEHHUs MoKa3aTenen
CBOWMCTB TE€JIEBBIX CHCTEM, MOJYYCHHBIX C ucronb3oBanueM 2 % Walocel xtr 60-30 u 10 %
mokcuaa kpemuus nocie Y30. IlokazaHo, 4TO MOBBIIEHHE BI3KOCTH M CTAOMIIN3AIUS COCTOSHUS
CHCTEMBI TIPOJIOIDKACTCS B TeUeHHWe 14 CyTOK, YTO SBJISETCS CIEACTBHEM Iepexojia ITHOKCHIA
KPEMHHUSA B KOJIJIOUJHOE COCTOSIHUE.
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Conepxanne Walocel xtr 60-30

PucyHok 2 — MI3MeHeHHe BSI3KOCTH TelICBOil CHCTEMBI OT COJIEPIKaHUs d(PHpPa LEILTFOI03bI MAPKH
Walocel xtr 60-30 B BogHO-TIIMIIEpUHOBEIX pacTBopax a0 (1) u mocie Y3 o6padboTku (2)

Tabnmuna 1 — 3HaueHus nokaszareneil cBoiicTB nocie Y30 KOJIJIOWIHBIX CUCTEM Ha 3(upa
IIEJUTIOIO3HO -TITHIIEpHHOBOI ocHOBe ¢ 2 % Walocel xtr 60-30 u 10 % HamogHHUTENS U3 AUOKCHIA
KPEMHHS B 3aBUCUMOCTH OT BPEMEHU CTA0MIM3aIIuN

IToxaszaTenu cBOMCTB
Bpewms, cyTkn pH Bsi3K0CTH, DIeKTPOpOBOT

ITa-c HOCTB, US

6,8 0,8 213

1 6,1 4,1 365

7 6,0 10,5 377

14 6,0 11,42 382

30 6,0 11,5 386

TakuM 00pazoM MOKa3aHo, YTO yIbTPA3BYKOBOWM 00pabOTKOM cMeCH KOJUTOUIHONW OCHOBBI U
HAIlOJIHUTENST U3 JUOKCUAA KPEMHHUS MOXKHO IIEJICHANPABIECHHO BO3JIEHCTBOBATH HA CTPYKTYPY
CUCTEMbl U pEryjaupoBaTb CBONCTBA TOJy4aeMbIX KOMMO3UIMH. [loBblIeHHE BA3KOCTH U
KHCJIIOTHOCTH KOJIJIOMJIHBIX KOMHOSHHI/Iﬁ, COACpKAMUX AUOKCUIA KPEMHUA, SABIACTCA CICACTBUCM
nepexoja AMOKCUIa KPEMHUS B TeleBOM MaTpulle MOJ BO3EHCTBUEM YIbTpa3ByKa B KOJIOUIHOE
coctosiHne U (popmupoBaHusi NBYX(ha3HOW TENEeBOM CHCTEMBl Ha OCHOBE 3(HUpa-TEIUII0IO3bl U
kpemHe3zeMa. OOpaboTka yiIbTpa3ByKOM OOECIEUMBAET TUCIEPTralllio U MEPeBOJ KPEeMHE3EeMHOM
(dbpakuuu B TEIEBOE COCTOSIHHE, B PE3YJbTaTe MPOUCXOIUT (HOPMHUPOBAHHE KOMOMHUPOBAHHOU
KO.IIJIOPII[HOIZ TOMOT'eHHOU CUCTCMA, YTO MNPOABIEICTCSA B IMOBBIIICHHUU BA3KOCTU H CTaGI/IJII/IBaI_II/II/I
3HAYEHUH 3JEKTPONPOBOAHOCTH.

UHCTUTYT Npo6sieM ropeHus

33



XI International Symposium « COMBUSTION and PLASMOCHEMISTRY»
November 20-22, 2019, ALMATY, KAZAKHSTAN

Jlureparypa

1. A6pamor O.B., Xap6enko WN.I'., llIsermna I1. YabpTpa3BykoBas oO0paboTKa MaTepuaioB. -
M.: Mammnoctpoenue, 1984. - 346 ¢

2. Yang X.G. Demulsification of Crude Oil Emulsion via Ultrasonic Chemical Method //
Petroleum Science and Technology, 2009, V.27. P.2010-2020.

3. Ilar. 2455086 Poccwuiickas denepamms, MIIKB08B 3/12, A61L2/025 A23L3/3
0, B O 1F 31 0.Crioco6 ynbTpa3ByKOBOW KaBUTAI[MOHHONW OOpAaOOTKH SKUAKHX Cpea Hu
PacIoJIOKEHHBIX B cpejie 00beKTOB/I eTamoB A.A. 3asaBUTENb U MaTeHTO00MaaaTeNb ['eTanoB A.A. —
Ne 2011117049/05; 3asBn. 03.05.2011; 10.07.2012 Brom. Ne19 — 10 c.

-  _ _ _____________________________________________________________________|
UHCTUTYT Npo6sieM ropeHus

34



XI International Symposium « COMBUSTION and PLASMOCHEMISTRY»
November 20-22, 2019, ALMATY, KAZAKHSTAN

HNCCIEJOBAHUE BJIMAHUSA CBA3YIOIUX HA ®PU3UKO-XUMHUYECKHUE
XAPAKTEPUCTHUKHU TBEPJBIX 'ASOI'EHEPATOPOB HA OCHOBE
TEPMOJUHAMUYECKHUX PACYETOB

C.C. Manues!, P.I'. A6ayakapumosal, B.E. 3apko?, C. Boiocxan!

!Kazaxckuii HallMOHATLHEIN YHUBEPCUTET UMEHH anb-Dapabu, AnMartsl, Kazaxcranm
2MHCTUTYT XUMMUYECKOH KMHeTHKY U ropenus uM. B.B.Boesoackoro CO PAH, Hosocubupck
saga675@gmail.com

B cratbe mpeacraBieHbl pe3yibTaThl WCCIEIOBAHUM BIHMSHHS CBA3YIOIIUX Ha (DU3HKO-
XUMHUYECKUE XapaKTEPUCTUKU TBEPABIX razoreHepaTopoB. VccienmoBanusi npoBOAMIMCH HA OCHOBE
TePMOJAMHAMUYECKUX pacueToB poccuiickoii mnporpammbl TERRA. TIlporpamma TERRA
npeAHa3HaueHa NIl MOJICJIUPOBAHUS TPEJCIHbHO PABHOBECHBIX COCTOSIHMM CIIOXKHBIX cHUCTEM. B
pacyerax B KayeCTBE CBA3YIOIIMX MCHOJb30BAIM WAUTOI U HUTPOLEIUIIOJIO3HBIM JaK B Pa3HbIX
COOTHOIIICHUSIX U MPHU Pa3HbIX JABICHUSX.

Caszyroniee - HempepbIBHBIE (a3bl, 00eCeYnBAIONINe CBA3HOCTh JAUCKPETHBIX JIEMEHTOB
WJTU YaCTHI] HATIOJIHUTENIS ¥ CIJIOUEHHOCTh MaTepuaia Kak 1eyoro. Cszyroliee B MUPOTEXHUKE U B
ra3oreHeparopax UCIOIb3yEeTCs A pa3IMUHbIX Lenei. JlJig TBepIbIX ra30reHeEpPaTOPOB CBA3YIOIIEE
SIBJISIETCST 00s13aT€ITbHBIM KOMIIOHEHTOM. Bapbupysi COOTHOIIEHUS ¥ BHJIBI CBSI3YIONIUX MaTEpPHAIOB
MOKHO TIONYYUTh pa3HbIe PE3yNbTaThl MO TEMIEpPAType, CKOPOCTH TOpEeHHUs, paboTOCIIOCOOHOCTH,
BBIJICJICHHBIX OOBEMOB Ta3a TPOJAYKTOB TopeHus u T.4. Hawubomnee mnpumeHsembie B
ra3oreHeparopax M MNHPOTEXHUKE SBISIOTCA TAaKUE CBSI3YIOUIME KakK: WJWTON, IIEJUIAK,
HUTporemono3a, HTPB.

Hcnonb3yemMplii METOJ pacuera HE IO03BOJIIET HAXOAWTh «TPACKTOPHUIO» Mepexoaa K
paBHOBECHOMY cOCTOSIHUIO. [109TOMY B KauecTBe MCXOIHBIX JAHHBIX, OMPEACISIONINX XUMUUECKHUI
COCTAaB CHUCTEMBI, JIOCTATOYHO 33JaBaTh TOJIBKO MAacCOBOE COJIEpPKAaHUE XUMHUYECKHUX HJIEMEHTOB.
s pacuetoB HYykHO 3aznaTth B nporpamMmy TERRA xumuueckyio (opmyny, SHTalIbIHIO
o0pa3oBaHMs HCIOJIB3yEeMBbIX KOMIIOHEHTOB. Takke B TporpamMme 3aJaercs HEoOXOAuMoe
naBieHue. b pOBEICHBI TEPMOAMHAMUYECKHE PACUEThI C MCIOJIB30BAHUEM JIBYX CBSI3YIOIIUX
Ha ocHoBe coctaBa KNO3+Al+C. B xauecTBe CBS3yIOIMUX OBLTH MCIIOJIB30BAHBI UAUTON U Jak HI|
(HMTPOLIENIOUIO3HBIH JIaK).

[Tpu mpoBeneHnH 3KCHIEPUMEHTOB ObLT McToNb30BaH Jak HI[-218. CBs3yromuM BemecTBOM
BO Bcex HuTponakax seisgercs koiutokcminH (CeHgOgN2). B make HI[ momist KosutokcwinHa
cocrasisieT 15-17%. Jlanee npuBeieHbl pe3yabTaThl TEPMOJUHAMUYECKUX PACUETOB:

Tabmuua 1. Tepmoaunamuueckuii pacuet cocraBa KNOs+Al+C+5% uauron

pMIa |T,K R, ux/(xrK) | Z, % RT

0,1 2252 277,9 32 625830
1 2342 282 35 660444
10 2623 269 39 705587
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Ta6nuua 2. Tepmoaunamuueckuii pacuet cocraBa KNO3+Al+C+5% Jlak HIJ

p,MIla T,K R, Z,% RT
JIx/(kr.K)

0,1 2328 263 30 612264

1 2548 266,8 33 679806

10 2747 269,8 40 741140

Tabnuna 3. Tepmoaunamudeckuii pacuet coctaBa KNO3+AI+C+10% uauton

p,MIla T,K R, Z,% RT
Jx/(xr.K)

0,1 2164 300 32 649200

1 2318 300 33,5 695400

10 2596 285,8 38 741937

Ta6nuua 4. Tepmoaunamuueckuii pacuet cocraBa KNO3+Al+C+10% Jlak HIJ

p,MlIla T,K R, Z, % RT
JUx/(xr.K)

0,1 3113 286 34 890318

1 2963 282 35 835566

10 3015 281 35 847215

Tabnuma 5. Tepmoaunamudeckuii pacuet coctaBa KNOs+Al+C 6e3 csasyroriero

p,MIla T,K R, Z,% RT
Jx/(kr.K)

0,1 2336 251 32 586336

1 2563 254 34 651002

10 2760 259 38,5 714840

P - JlaBnenue

T -Temneparypa

R - 'a3oBast mocTosiHHAS

Z - MaccoBas 10151 KOHACHCUPOBAHHBIX (a3

B pesynbTare uccienoBaHMii U COMOCTABICHUS PE3YJIbTATOB TEPMOJIMHAMUYECKIX PACUETOB
ObUIN OIpeesIeHbl TEMIIEpaTypa, ra3oBas MOCTOSHHAs M MAccoBasi J10JI1 KOH/JIEHCUPOBAHHBIX (a3.
PaboTocnocoOHOCTh BCEX COCTABOB C J00ABICHHEM CBS3YIOIMX BBINIE cocTaBa 0e3 100aBiIeHUs
CBs3yOIMX. M3 mpuBeAeHHBIX TaONUIl CIIEIyeT, 4TO PabOTOCTIOCOOHOCTH Ta3oreHeparopa ¢
ucnonb3oBanueM 10% maka HLI nan6onee a3pdexTuBHa.
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TEXHOJIOI'USA NOJYYEHUSA XAJIBKOT'EHU /0B WS2: 1 UCCJIIEJOBAHUSA UX
CTPYKTYP

A.JL. Mepeke, P.E. Beiicenos, A.I'. Ymup3akos, b.A. PaxmeroBa, /[.A. Myparos,
H.K. Anmacos, A.A. IllaiikeHoBa

TOO «®Pu3nKo-TeXHUIECKUN HHCTUTYT» T. AnMmartbl, Kazaxcran, Mkp-H. Anatay, yi. MOparumosa 11
mda210389@mail.ru

B nanno# paGote mpencTaBiieHbl pe3yabTaThl ModydeHus kpuctaiwioB WSy nmyrem CVD-
Cynb(ypH3aluu cepbl Ha MOBEPXHOCTU MPEIBAPUTEIIHO PACIBUIEHHOTO TOHKOI'O CJI0SI BOJIb(pama.
[Tonyuyennsie 00pa3ipl  uccienoBain ¢ nomombio COM, XOJJIOBCKHMX M3MEPEHUH U
PEHTIeHO(IIYOPECLIEHTHOTO aHaIM3a.

Huxanbkorenunpl nepexofaHbix MerawioB (TMD) B mocnegHee BpeMmsi MNPUBIEKAOT
BHUMaHHME MHOTOYHMCIICHHBIX YUEHBIX, IOCKOJIbKY OHH 00J1a/1al0T CIOMCTOM CTPYKTYpOi, HOJOOHOM
rpadeHy, KOTopasi MOKET MPOSIBIISATH JTUOO MOIYIIPOBOAHUKOBBIC, INOO METAIIIMUYECKUE CBOICTBA.
B crnoucthix cTpykrypax TMD kaxawli ciaoif oObl4HO MMeeT TommuHy 6-7 A u cocrout u3
LIECTUYTOJIBHOTO CJIOSI aTOMOB METajlsla, PACHOJIO)KEHHOTO MEXAYy JABYMs CIOSMU aTOMOB
xanpkoreHa. IlocnenoBarenbHble CIOM JIOMOJIHUTENBHO YACPKHUBAIOTCS CIAOBIMM  BaH-JAEp-
BaaJbCOBBIMU  CBSI3aMH, KOTOpPBIE MOXXHO JIETKO OTCJIOWTh UM JaThb MOHOCJIOW 3TOro
cootsercTBytouiero TMD. Cpenu TMD, W- u Mo-ocHoBanHble (M0S2, WSz, WSe2 u T. 1.) umeror
OTJIMYUTEIbHBIE CBOWCTBA, TAKHE KAaK NMPEBOCXOJAHOE OTHOLIEHHE TOKA BKJIIOYEHHUS / BBIKJIIOUEHUS,
HENPSIMOM TIEPEXO] MEXAYy 3alpellieHHOW 30HOM U MPSAMOM 3alpelieHHOW 30HOW, CHIIbHas
dbotomomunectenus [1]. [oatomy oxumaercsa, yto TMD cranyT BO3MOXHBIM KOMIIOHEHTOM
OyAyIIUX 3JIEKTPOHHBIX, ONITOJIEKTPOHHBIX M YHEPI€TUUYECKUX YCTPOHCTB.

B nurepatype coobiiaercs, yTo 3HaYeHUsI TOTeHIIMana uis o0beMHOro WSz cocTaBistoT ~
340 MB npu motHocTH Toka 10 MA/cm? [3], B TO BpeMs Kak JUIs PaccjOSHHBIX HAHOMMCTOK WS
JMara3oH 3HAYeHHUI moTeHnuana cocraisier ot ~ 310 mB go 150 MB [2-5]. DT 3HaueHus 00bIYHO
MpH HM3KOH TmoTHOCTH Toka; 10 mmm 25 MA / cMm2 TIpu OTHOCHTENbHOW Gonee BHICOKOIL
IUTOTHOCTH TOKa, paBHOH 50 MA/cM2, I'pyIia ydeHHBIX BO TIaBe XaHa HaOII0IaI0Ch TIPEBBIIICHHE
noteHuuana ~320 mB Ha HaHonucTOBBIX KataiuzaTopax WS [6]. HenaBuo llanr u ero rpymma
coo0mmIH 0 TIoTHOCTH Toka 100 MA/cMm™ mpu ~ 440 MB 17151 HAHOTMCTOBBIX KaTanu3atopoB WS>
Ha TPEXMEPHOM MOJUI0KKE U3 YIIIEPOJHOTI0 BOJIOKHA C OOJIBIIOHN MJIO0IIA b0 TOBEPXHOCTH [7].

B mnameli pabore Kpuctaiimmueckue IUIeHKH WSz BbIpallMBAIMCh Ha IOBEPXHOCTU
(Si02/WQO3) kBapua u kpemuus Si/ WOsz. Cunrte3 cynb(ypupoBaHus MPOBOIUIN HA yCTAHOBKE
CVD c¢ norokom aprona 30 sccm, u Temneparypa HarpeBasics ao 750 ° C. [InuTenbHOCTH
cynbdypuzanuii cocrapisut 30 MuHyT. IlepBoHadanbHO HAa MOBEPXHOCTH KBaplla HA MarHETPOHHOE
pacnbuieHre HaHocwiIuch ToHkHe ciion WOs. IlomydenHble o0pasibl OBLIM HCCIEIOBAaHBI C
nomoipio COM, chnekTpockonmuu KOMOWHAIIMOHHOTO pacCestHus, a Takke KOod(QQPHUIMEHTHI
nporyckaHus ObUIM 3MepeHsbl B Auanasone ot YO no UK.
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Pucynoxk 1. IIponyckanne WOS Ha noBepxHocTy SiO2 B CpaBHEHUH IPYTHMHU MaTepHaIaMy U

XaJIBbKOI'CHUIaMH.

Ha npuGope uzmepenust Xomia uaMepsiaach MOABMKHOCTH 3JeKTpoHOB. [Ipu T = 300K
TIOIBUIKHOCTB JNIEKTPOHOB cocTasnseT 1,1052 « 1010 em? / (V 3).

6.3 1 Moight?
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Pucynok 2. ACM uzobpaxkenus WS, mieHok

Ha pucynke 1 moka3anbl pe3yabTaTbhl W3MEpeHHs Kod(h(uImeHTa TPONyCKaHUs YTO
MOKa3bIBACT JAHHBIN 00pa3el] XOpoIIo MPOITyCKaeT BUIUMBIN cBeT. Ha pucyHke 2 MOKHO YBHJIETH
CTPYKTYpyY pocta tuieHok WS,.
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HHOJYYEHHUE SJHEPI'OEMKHUX MATEPHUAJIOB HA OCHOBE HAHOBOJIOKHA C
IMOMOIBIO JIEKTPOCIIMHUHI' A

Hayp36aesa I'.M.12, Cyaraxan II.T.}, Haxunkeizssr M.52, Mancypos 3.A.%2,
Mutuesnn Jx.P.2

1 MucrutyT npobnem ropenus, yi. boren6aii 6ateipa, 172, 050012, Anmartsl, PecnyOnuka Kasaxcran
2 KazaxcKuil HAIIMOHATBHBIN YHUBEPCHTET M. alb-Dapabu, GakyIbTeT XMMHM M XMMHUYECKOM TEXHOJIOTUH, Kadeapa
XUMHYECKOH (PH3UKHN U MaTepHaIoBeACHNUs, MPOocTeKT anb-Dapadu, 71, 050038, Anmmatsl, Pecrryonmka Kazaxcran
$11entp ObIcTpOil M ycTOMUMBOI pazpaboTku npoaykuuu, Ionurexuuyeckuit uactutyT Jletipuu, Mapunbs Ipange,
[opryranus

Meton 3MEeKTPOCHMHHMHIA, 3aKJIIOYAIOIIUICS B BBITATMBAHUM 3JEKTPUUYECKUM IOJIEM
TOHKUX BOJIOKOH M3 pacTBOPOB WJIM PacIIaBOB IOJIMMEPOB, U3BECTE€H C cepeauHbl 1930-x rr.
OnHako peanbHbI MHTEPEC K 3JIEKTPOCIMHHUHIY BO3POJMIICS TOJIBKO B Havane XXI B. B CBsA3U C
OypHBIM Pa3BUTHEM HAHOTEXHOJOTHH. DJIEKTPOCIMHHHUHT SIBJISETCS JOBOJBHO IMPOCTOM M OUYCHb
YHUBEPCAJIbHON TEXHMKOH JUIsl CO3/1aHUS MHOTO(QYHKIMOHAIbHBIX YJIbTPATOHKUX BOJIOKOH M3
Pa3NMYHBIX ITOJIMMEPOB, IMOJMMEPHBIX CMeCeid W MOJMMEpPHBIX HaHodacTHi. [lo cpaBHeHHIO C
JAPYTUMH METOJaMM, TaKUMHM Kak pasjeneHue (a3 u camMocOOpKa, 3TOT METOJ IO03BOJISET
MIPOU3BOJINTH HENPEPHIBHBIE BOJOKHA IPAKTHUYECKH HEOTPAHWYCHHOW JUIMHBI B JHANa30HE OT
HaHOMETPOB JI0 MHUKPOMETPOB B JUaMETpe, XapaKTepusyeTcs HpPOCTOTON mpolecca M caMoe
IJIaBHOE — YHHMBEPCAIBHOCTBIO: OH JIOCTYIEH JUIi IIMPOKOTO CIeKTpa MmarepuanoB. Hampumep,
MOJIUMEPOB, KEPAMUKH, a TAaKKe KOMIIO3UIMOHHBIX MaTepHuaioB. IIpon3BoauMble HaHOBOJIOKHA
XapaKTEepU3yIOTCsl OOJIBIION CBOOOJHOM MOBEPXHOCTHIO, JIETKO MEPECTPanBAEMON MOPUCTOCTHIO U
IPOCTOTON TMOBEPXHOCTHOM (YHKLIMOHATM3AIMUA. DTH XapaKTEPUCTHKHU JeJaloT HaHOBOJIOKOHA
HE3aMEHUMBIMH JJII MHOTHX TPHJIOKEHH, CBSI3aHHBIX C JSHEPreTHKOH, TAaKUX KaK TOIUTUBHBIC
3JIEMEHTHI, CEHCUOMIM3UPOBAHHBIE KPACUTEIEM COJTHEUHBIE AJIEMEHTHI, TUTUH-UOHHBIE OaTapeu U
CYNEpKOH/ICHCATOPbI, WJIA OWOMEIWIMHCKUX TPWIOKEHUH, TAaKMX KaKk KOHTPOJIUPYEMOe
BBICBOOOXK/IEHHE JIEKapCTB, TKaHEBas HWH)KEHEpHUs, OMOCEHCOpBI, PAaCTBOPHMBIN IepeBsI30UHBII
Matepuan u ap [1].

B nmocneanue ropl 3HaYMTEIbHOE BHUMAHUE YENAJIOCH YHEPreTHYeCKUM MaTepuaiaM Ha
OCHOBE METacTaOWIIBHBIX MEXMOJEKYSIPHBIX KOMIIO3HTOB. B 4WacTHOCTH, MHOTO yCWJHiA OBLIO
YIIEJICHO HAaHOBOJIOKHAM H3-3a HE3HAUMTEIFHOTO BBIZCICHHS Ta3a, BBICOKOW BBIPAOOTKH TeruIa,
BBICOKOM TJIOTHOCTH SHEPIMU U BBICOKOH CKOpocTH ropeHus. Cpenu HaHO- MeETacTaOMIIbHBIX
MEXMOJIEKYIISIPHBIX KOMIO3UTOB Al/Fe;O3 siBnsieTcss BaKHBIM HAaHOAHEPTETHYECKAM MaTEpPHAIIOM,
KOTOPBIN MpPUBJIEK 0c000€ BHUMAaHKE, TOCKOJIBKY OH IMIMPOKO MCIOJIB3YeTCsl B KauecTBe 100aBKH K
PaKeTHBIM TOIJIMBAM W B3PHIBUYATHIM BEIIECTBAM, aBTOHOMHBIM MCTOYHHKAM TEIUIa, MaTepraiaM
JUI TIO/DKUTAHUS TMOJYyIIEK O€30MacHOCTH, YCTPOHCTBaM JUIsl pa3pylieHHs OOOpYyIOBaHUS U
cBapouHbiM Topenkam. Cucrema Al/Fe;Os comepxuT MeTauimyeckoe TOIUTMBO: amroMHHUHE (Al)
TPaIUIIMOHHO HCIOJB3YETCS B KaueCTBE OCHOBHOIO TOIUIMBA H3-32 €r0 BBICOKOM IJIOTHOCTH,
3 PEKTUBHBIX KATAJUTUUECKUX XAPAKTEPUCTUK W HU3KOH cTOMMOCTH, a okcua metauia (FeOz)
CIOCOOCTBYET K MOBBILIICHUIO PEaKIIMOHHON crtocoOHOCTH. KOMIO3UTHI ¢ HAHOCTPYKTYpaMU TaKKe
MO3BOJISIOT JIy4llle KOHTPOJUPOBATh PEAKTHBHOCTH IyTEM H3MEHEHMs IapaMeTpoB, TAaKUX Kak
MOpGOJIOTHS U pa3Mep YacTHIl.
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Kommnosut Al/Fe;O3 Moxker ObITh CHHTE3MPOBAaH C HCIOJB30BAHHEM psla METOOB,
BKJIIOYAsi 30J1b-T€JIb, CAMOCOOPKY U MEXaHUUYECKYI0 00pabOTKy (yJIbTPa3ByKOBOM TUCHIEPCUOHHBIN
METO/1, CMEILIMBaHKE MOPOIIKa) [2].

Cnioco0 31eKTpOCIIMHHUHTA IEMOHCTPUPYET BO3MOXKHOCTh U30€KaTh HEKOTOPBIX MpoOlieMm,
CBSA3aHHBIX C JINThEM B PACIJIaB HAHOMETALUTU3UPOBAHHOTO TOIUIMBA M IO3BOJISIET JIETKO
MPUTOTOBUTH HAHOBOJIOKHA JUISl MHOTUX MOJMMEPHBIX cUcTeM [3].

[lenpro maHHOW PabOTHI SIBISICTCS CUHTE3 HUTPOIICIUTIONIO3HBIX HAHOBOJOKOH Ha OCHOBE
TEPMHUTOB, a TaK)Ke IOJIyUeHHE HAHOBOJOKOH C Pa3IUYHBIMU J00aBKaMU MOJU(DUIMPOBAHHBIX
Ca)KEBBIX YACTHII UJIH YTIIEPOIHBIX HAHOTPYOOK.

TakuMm 00pa3om, B HACTOAIIEE BPeMsI B MHCTUTYTE MPOOJIeM TOPEHHs] MPOBOASTCS paObOTHI
M0 TOJYYCHHIO HHUTPOIEIUTIONIO3HBIX HAHOBOJIOKOH HAa OCHOBE TEPMHUTOB [UIsl JTATBHEUIIETO
MOTEHIIUAJIBLHOTO MPUMEHEHUS B KAUECTBE YPHEPTOEMKUX MATEpPUAIIOB.
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[IpakThKa HCIIONB30BAHUS METAJUIMUECKOTO aIOMUHHUS B COCTAaBaX SHEPreTHYECKOro
KOH/ICHCUPOBAHHBIX CUCTEM Pa3IMYHOI0 Ha3HAYeHUs He Bcerna ycnemHa. HecMoTps Ha BBICOKOH
YPOBEHb 3HEPrOEMKOCTH PEAIn30BaTh €r0 MOTEHIHMATbHBIE BO3MOKHOCTH TPYAHO, YTO CBSI3aHO CO
CPAaBHUTEJIBHO KpYNHBIM pa3MepoM YacTHIl M CBOMCTBAMU OapbepHOro CJIOSI HPOAYKTOB,
(azyromuxcs Ha MOBEPXHOCTH B MPOIIECCE TOPEHHsI, arjoMepanuii. [yl CHIKEHHsI arfioMepanum,
MOBBIIIEHUS] YHEPreTUUYECKUX XAPAKTEPUCTUK M yIpaBlieHUs! (PU3UKO- XMMUYECKMMHU CBOMCTBaMU
[IEpBOHAYAJIbHON MOBEPXHOCTU YacTUIl U MPOAYKTOB HX B3aUMOJCHCTBHS C OKHCIUTEIbHBIMU
KOMIIOHEHTaMu aBTOphl [1] mpennaratroT crlaBieHUE aJIOMUHUS C 00Jee aKTHBHBIM METAJJIOM U
MOKPBITUE YACTHUI] AIFOMUHHUS TYroljaBKaMU MeTaJlJlaMHu.

Haubonee a¢dexruBHbl nopomiku cruiaBoB Al (anoMuHUS) ¢ MarHueM, HO 3HAYUTEIBHOTO
CHIDKEHHUS arjioMepaluy MOJy4YUTh HE yJaeTcsi, MOCKOJbKY TEMIIepaTypa BOCIUIAMEHEHHUS He
CTaHOBHUTbCS HMXKE TeMIepaTypbl IulaBieHMs ciiaBa [2]. OgHuM K3 Hambosee MepCreKTUBHBIX
HaIpaBJIEHUH yNpaBJICHUs pEaKIIMOHHOW CITIOCOOHOCTHIO SIBJIETCS JIETHPOBAHUE, BIUSIOLIEE KaK Ha
CBOMCTBA METAJJTMUECKOTO ]Ipa YaCTHI] MOPOIIIKA, TAK U CBOMCTBA ero nosepxHoctu [3]. OqHuM u3
CBOMCTB JIETUPYIOIIUX 3JIEMEHTOB SBIISETCS UX IMOBEPXHOCTHAs AaKTUBHOCTh MO OTHOIICHHIO K
AIIOMMHMIO M PEaKLMOHHAs aKTUBHOCTH IPU B3aUMOJECHCTBUN C OKHCIUTEIBHOM ra30BoOM cpenoil.
['openue craBoB uaet B ABe craguu . Ha mepBoii ctaguu [2] uaeT BeIropanue 00jiee aKTUBHBIX
METAJIJIOB ¥ IPOMCXOAUT PAa3pyLICHUE OKCUIHON IJIEHKU aJIFOMMHHUS U MTOBBIIIEHUE aKTUBHOCTH, Ha
BTOPO#1 CTaIuK — rOpeHKe atoMuHuUS [4].

Ha mnpouecc okucnenus [5], kpoMme Bbllle yKa3aHHBIX (DaKTOpOB, OOJIBIIOE 3HAYECHUE
OKa3bIBaeT MOBEPXHOCTHAs] aKTUBHOCTh BBOAMMBIX J00ABOK IO OTHOIIEHUIO K AJTIOMHUHHIO, YTO
IIPUBOJUT K CHUKEHMIO TIOBEPXHOCTHOW aKTHBHOCTH altOMHMHHUA. [103TOMY IOBEpPXHOCTH CILIaBOB
JOJKHA OBITH oOoraieHa BBOAMMBIMU J100aBKaMH, C TEMIEpaTypoil IUIaBlieHUs OOpa30BaHHBIX
MHTEPMETAUINJOB HIKE TEMIEpaTyphl IIJIaBICHUsS KOMIOHEHTOB. CTpyKTypHass M ra3oBas
HEOJIHOPOJHOCTh B 0aphepHOM CIIO€ Ha MOBEPXHOCTH YaCTHUIl, a TaK € Pa3HOCTb TEPMHUYECKHX
KO3 QHUIMEHTOB paclIMpeHus] MPUBOIUT K MOTEPE UM 3aIMTHBIX CBOWCTB, YCKOPEHHUIO Ipoliecca
SHEPTOBBIJCIICHUS] W ero MoyHOTH [3]. Mcrmonb30BaHue CIUTaBOB YIBTPAIUCIICPCHBIN aTFOMUHHN
(YAA)-Me mno3BomseT co3fgaTh OBICTPOrOpsIIME TOIMJIMBA MpU O0ECIEYeHUH KOMIUIEKCa
TEXHOJIOTUYECKHUX CBOMCTB TOIUIMBBIX MacC.

Beenenne B crpykrypy Y/IA kaTamuueckux 100aBOK METAUIOB HMPUBOIUT K CHIXKEHHUIO
ko3¢ duLIMeHTa YyBCTBUTEILHOCTH FTOPEHUS K IO CPAaBHEHHIO C MOJAEIbHBIM TOIuINBa [3].

Jns ucciaenoBaHus BIMAHUS MOAM(DHUIMPOBAHHOTO AaIOMHUHHMS Ha CKOPOCTb TOPEHUs
BBICOKOPHEPreTUYECKOH CMECH Ha OCHOBE HUTpaTa aMMOHMs IPOBEIEHBI 3KCIIEPUMEHTHI C
amomuHueMm Mapku AC/I-6, Monn(uIIMpoBaHHBIM OJIOBOM, CBUHIIOM U TaJLITUEM.
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VenpHas TOBEPXHOCTh HCNONB3yeMbIX Topomkos:Al (Sn-0,5 mace. %) — 3067 cm?/r; Al
(Pb-0,5 macc. %) — 4372 cm?/r; Al (Ga-0,5 macc. %) — 2884 cm?/T.

[Mopomku ACJ] MmoaedupoBaHHbIe METAIIOM MOJTYYaIOT METOJIOM PACIbUICHHS PacIliaBa
AMIOMUHUSL ¢ J100aBKOM B paciuiaB MOIUQPHKATOpoB B cpele a3zora. CocTaB SHEPreTHYECKON
KOMIIO3ULIUH, Macc. %: HUTpaT aMmMoHus — 72, kayuyk CKJ/IM-80 — 13, amomunmii — 15, n30bITOK
okucaurens — t-0,5.

B Tabmuue 1 mpuBeneHBl XapaKTEPUCTHKH OOpas3loB M PE3yNIbTaThl JKCIIEPUMEHTOB.
MopenbHblli cocTaB conepxuT amomuanid ACJI-6.

Hcnonp30Banue agrOMUHHAS MOJU(PHIMPOBAHHOTO METANIAaMH CHOCOOCTBYET YBEICUCHHIO
CKOPOCTH TOpPEHMsI BBICOKO3HEPreTMUYECKOW CHCTEMBbl IO CpPaBHEHHMIO € 0a30BBIM COCTaBOM C
ucnonb3oBanuem amomuaus ACJ/[-6. Kosdduuument >¢dGhekuTHBHOCTH CKOPOCTH TOpPEHHS
yBenuumics B 1,49-2,13 pasa, B 3aBucuMOCTH OT Moaudukaropa. Xyaiue pe3yabTaTbl MOTyYSHBI
IIPU WCIOJB30BAHUU TaUMs. BeposTHO, yXyAIICHHH IOKa3aTesiell TOpeHHs C JT00aBKOM Tautus
CBA3aHBI C YMEHBIICHHEM Y/ICIbHOM TOBEPXHOCTH MOPOIIKA amoMUHKS — 2884 cm?/r. Han6omnbmmit
3pGEeKT MPOCIeKUBACTCS B BapUAHTE SKCIEPHUMEHTOB C QIIOMUHHEM MOIAH(PHIMPOBAHHBIM
CBUHIIAM C YETbHOU MOBEPXHOCTHIO 4372 cm?/r.

Ta6J'II/II_[a 1 - XapaKTepI/ICTI/IKI/I ropCHHA BBICOKOOHCPICTUUCCKOI'O COCTaBa C MOI[I/I(bI/ILII/IpOBaHHBIM
AJIIOMHHHEM

XapakTepuCTUKH TOPCHHS
CocraB Conepxa- 3anepxka T. CxopocTb Conepxa- Conepixa-
nue, % BOCIUIaM, | BOCIUIaM, | TOpEHHS, K HHUE Hme
CeK. e MM/C nuiaka, % amOM’};
orapke, %
Hutpar 71 2,1 870 0,89 - 59,71 18,9
aMMOHUS 13
CKJIM-80 15
ACJI-6
HuTtpar 71 11 380 1,43 1,6 25,84 1,29
aMMOHMS 13
CKJIM-80 15
ACJI-6
(Sn-0,3%)
Hutpar 71 1,1 710 1,91 2,13 35,34 8,1
aMMOHUS 13
CKJIM-80 15
ACJI-6
(Pb-0,5%)
HA 71 15 750 1,33 1,49 58,59 2,58
CKJIM-80 13
ACJI-6 15
(Ga-0,5%)
Ha pucynke 1 mpezacraBieHsl orapkd o0pa3loB TOIUIMBHBIM  KOMIO3UIMI ¢

HCIOJIb30OBAHHUECM B KaUCCTBC MCTAJNIMYCCKOI'O TOPOYCTO MOI[I/I(I)I/II_II/IPOBaHHOFO AJIFOMHUHUA.
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L
o il

a
a— Al (Sn-0,5 macc. %);6 — Al (Pb-0,5 macc. %); B — Al (Ga-0,5 macc. %)

Pucynok 1 — Orapku 06pa3ioB nocjie ropeHus

@Da30BBIi  COCTaB OTrapKOB OMNPENENSIN PEHTIeHO(A30BbIM  METOJOM, COJEpIKAHHE
IIOMHHMS — BOJIFOMOMETPUUECKOM CIIOCOOOM.

Hcnons3oBanrue MOIUGUIIMPOBAHHOTO METAJUIAMU aTIOMUHUS B KQU€CTBE METAILITHYECKOTO
TOPIOYETo CIIOCOOCTBYET YBIEUEHHIO CKOPOCTH TOPEHUSI CUCTEMBI, HO HE 00ECTIeYMBaeT BBICOKYIO
TEIUIOTY MPOLIecca U MOJTHOTY CTOPaHUsI TOIUIMBA.

Hcnonb3oBanue CILIaBOB YIA-Me MO3BOJISIET CO3/1aTh OBICTpOTOpALITHE
BBICOKODHEPreTHYEeCKHEe  HUTPAaTAMMOHMEBBIE  TOIUIMBA TIpU  OOECIEUEHUH  KOMILIEKCa
TEXHOJIOTHYECKIUX CBOMCTB TOIIJIMBHBIX MacC.

[IpumeuaTenbHO, YTO BBeACHHE B CTPYKTYpy YJIA karanuueckux A00aBOK METaIOB
MPUBOJUT K CHUKEHHUIO KOA((PUIIMEHTa UyBCTBUTEILHOCTH TOPEHMSI K JABJIEHUIO IO CPABHEHUIO C
MOJEJIbHBIM TOILIMBOM.

3akjao4eHue
Pa3pa6 OTaHBbI HOBBIC OIITUMAJIBHBIC COCTaBbI TBep]II)IX TOIIJINB Ha OCHOBEC
(hazocTabUIM3NPOBAHHOTO HUTpaTa aMMOHUS, AITFOMAHUEBOH MyJpHI, ACJI-6 u

MOIU(PUIIMPOBAHHOTO ATFOMUHHUS.

HccnenoBaHo BiIusSHUE MOJUGHUIMPOBAHHOTO MeTaimiamu amoMuHus Mapku ACJl Ha
CKOPOCTb FOpEHHS TBEPAOTOIIMBHOIN CUCTEMBI HA OCHOBE HUTpaTa aMMOHUS U MOJHOTY CrOpaHUs
TOMJIMBA. YCTaHOBJEHO, 4YTO HCMOJb30BAHUE MOAM(PHUIMPOBAHHOIO AIIOMUHUS MO3BOJISET
MOBBICUTh CKOPOCTh T'OPEHHSI CHUCTEMBbI IO CpaBHEHHUIO ¢ 0a3oBoil B 1,7-2,1 pa3a u yMEHBIIMUTH
cojepkanue muiaka Ha 60 macc. % mis Alsy, 42 macc. % — Alpy 1 2 mace. % — Alga U cHU3UTB
coJiepKaHue aTFOMUHMS B orapke 110 8,1-1,29 macc. % mo cpaBHEeHHIO ¢ 6a30BBIM cocTaBoM Ha 18,9
%.

Pabora Obuta BeImonHEeHa B pamkax peanuzauuu npoekta AP 05130784 Komutera Hayku
MOH PK.
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OHEpPreTUYecKue XapakTEPUCTUKU TBEPAbIX BBICOKOPHEPreTUYECKUX TOIUIMB, a TaKKe
TEPMOJUHAMHUYCCKHE W TEIUIOPU3NICCKUE CBONCTBA WX NPOAYKTOB CTOPAHUU OMPEACISIOTCS B
pe3ynbTaTe TePMOJIMHAMUYECKOTO pacyera.

WcxonHpIMM  JAaHHBIMH JJI1  T€PMOJMHAMHYECKOTO pacuera sBISETCS DJIEMEHTHBIN
XUMUYECKUM COCTaB M SHTAJBINS HWCXOAHOIO TOIUIMBA, U JOMOJHUTEIBHO 3aJAa0TCS 3HAYEHUS
JABJICHUS B KAMEPE CTOpaHMs Ha BXOJIe U BbIxoze [1].

3HaueHus naBieHus B kamepe cropanus 4,0 MIla, na Beixoae u3 corta 0,1 MIla.

TennoBoii 3 PeKT peakuu — U3BMEHEHNUE BHYTPEHHEN YHEPTUU WIIM SHTAIBITUU CHCTEMBI B
CJIE/ICTBUM NPOTEKaHUS XUMHYECKUX PEAKIUH U MpPEeBpallleHHe MCXOAHBIX BELIECTB B MPOAYKTHI
peakuuu. IcXOMHBIMU TaHHBIMU JJISI pacdeTa CTaHJapTHOTO TEIIOBOTO d((eKTa peakiuu Ciryxat
CTaHJIapPTHBIE TETJIOTHI 0OPA30BaHUs U CTOPAHUS BEIIECTB, YYACTBYIOIIUX B PEAKIUU MO GopMyme

[2].

AH FYAH YA H
0 peak — 0 (repon) ~ 0 (peareHTsI) (1)

OrnpesiesieHO BJIUSHUE COJIEPKaHUST HM30BITKA OKHUCIHUTENS JJISI BBICOKOIHEPTETUUYECKON
KOMITO3UIIMHU Ha IBOMHOM U MOHO okuciutensix. Ha pucynke 1 npuBeneHO N3MEHEHHE SHTANIBIIUU B
3aBUCUMOCTH OT W30BITKa OKHUCIUTENS B TOIUIMBHOW cucteMe. KoMmoHeHTH cuctemsbl, Macc. %:

HUTpaT aMMouus — 32-77,4; okroreH — 0-32-36,0; CKJIM 80 — 6,7-13; amromunuii — 15; a=0,4; 0,5;
0,6; 0,9.

V3meHeHrne H30bITKA OKHUCIUTENs TMPU CrOPaHUHM MTPOBOAUT K BO3PACTAHHMIO TEIUIOTHI
npoiiecca. st okToreHa U3MEHEHUE “ He Bimster Ha TEIJIOTY PEaKIUU PA3JI0KEHUS U OCTaeTCA
MTOCTOSTHHBIM.

Onepruss  ['mb0ca  XUMHUYECKOW  peaknMu  XapaKTepu3yeT  BO3MOXKHOCTH €€
CaMOMPOU3BOJIBHOTO TMPOTEKaHUs NpPH TOCTOSIHHOM JaBle€HUMU M Temmepatype. s pacuera

3HeprI/II/I FI/I66ca I/ICHOHBSYIOT KakK TaGHHqHLIe 3HA4YCHUA AG JJIsI BCEX BCIICCTB peaKL[HH, TakK H
HpeILBapI/ITeJILHO BBIYHUCJICHHBIC 3HAUYCHUS AH nu AS peaKHHﬁ. PaCI‘IeT AG JIs1 CUCTEMA Ha OCHOBC
untpata ammonns: 20 =[-137,14 + (-1582,3) — (-184,0 )= -1535,5 xTox/mo.
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PI/ICYHOK 1 — VI3MeHeHHEe SHTAJIBIINH B 3aBUCUMOCTH OT M30BITKA OKUCIUTEIIS

Paccuntana BenuumHa sSHepruu [ubO0ca [uig HCCleAyeMBIX CHUCTEM MPH  Pa3IUUHBIX
KodpunreHTax u30bITKa OKUCIUTENS. [JJaHHbIE pacyeToB MOKa3bIBAIOT, YTO KOMITO3UIIMU TOPAT B
CaMOIPOU3BOJIBLHOM PEXHUME.

[Ipn ropeHuH BBICOKOIHEPIETUYECKUX CHUCTEM COJEpXKAIIUX B KAuyeCTBE TIOPIOYETO
MIOPOLIKOBBIN IIOMUHUI, IPU BBICOKUX TEMIEpaTypax Mpoliecca BO3MOKHO HUTPUI000pa3oBaHue
AMIOMHUHMS [3-5] 10 3K30TEPMUYECKON peaKuy B3auMO/IEHCTBUS aTlOMUHUS U a30Ta [6].

Ha pucynke 2 npuBeneHa 3aBUCUMOCTb U3MEHEHUs sHeprun ['nb6ca oOpazoBaHus HUTpUIA
almOMHHMS OT TeMmmeparypbl. Ha pucynke 3 mnpuBeneHa 3aBucuMocTb »Hepruu ['ub6ca ot
TEMIIEPATYPHI IIPU OKUCIICHUN ATFOMUHMUSL.
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Pucynox 2 —  Temmneparypras Pucynok 3 — TemmepaTypHas 3aBUCUMOCTh

- AGE
3aBUCHUMOCTDH I/I306apHO I/I30TepMI/I‘{eCKOFO M3MEHEHHUS SH eerH FI/I66 ca T p CaKIUK

AG
HOTEHIIHATA  peakiuu  0Opa3oBaHUs 00pa30OBaHUS OKCUAA aTFOMUHUS
HUTPUJIA ATFOMUHUS

CpaBHeHUE TaHHBIX pacyeToB 00pa30BaHUS HUTPUIA AFOMUHUS U OKCHJA AITIOMHUHUS MpU
CBOOOJHOM  JIOCTYIE KHCJIOpOJa, IIOKa3bIBAaeT, 4YTO OOpa3oBaHUE OKCHUIA  ATFOMUHHS
MPEANOYTUTENbHEE MPUMEPHO 2-2,5 pasa.

Jns  oueHKM  dHepreTMyeckod  APQPEKTHBHOCTH  CMECEBOM  KOMIIO3UIMHM  TpHU
TEPMOJAMHAMUYECKOM pacueTe SBIAIOTCS: aamabaruueckas temmeparypa (Tay), TemmepaTypa Ha
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Bbixoge 3 coria (Teux), yAenbHBIA uMIynbe (Jy;), Hammuume K-haspl, MonspHas macca Tas3oB
(MMBbIX)-

B pabote mpoBesieH pacdyeT cOCTaBOB HA MHEPTHOM M aKTUBHOM TOPIOYUX — CBSI3YIOLIUX, U
OKHUCIIUTEISIX Ha OCHOBE (ha3acTaOMIM3UPOBAHOIO HUTpaTa amMMmoHuss U okrareHa (HMX), c
cojZiepKaHueM MeTajimueckoro roproyero 15 mace. %. Koaddunuent n3bpitka oxucnurens: 0,4;
0,5; 0,6; 0,9. Ilepenan nasnenus P«/P.=4,0/0,1 MI]a.

JIJist BceX COCTaBOB BBICOKOIHEPIETUUYECKUX CHUCTEM Ha OCHOBE (pa3ocTaOMIM3UPOBAHHOTO
HUTpaTa XapaKTEepHO TMOBbIMIEHUE Ta; OT yBENUYEHHUS H30BITKA OKUCIUTENS M YBEIHMYEHUs
KOJIMYECTBA AIFOMHUHHS B COCTaBe KomMmno3uiuu. JlodaBka amtoMuHus cBbime 15 macc. % moBbImaer
Tar, HO TIPOMCXOIUT CHIDKEHUE Jy;, YTO IO BUIUMOMY CBsi3aHO ¢ 0Opa3oBaHUEM OOIBIIETO
KOJINYECTBa KOHACHCHPOBaHHOM (a3bl Al2O3.

Pe3ynbrarthl TepMOOMHAMUYECKHX DPACYETOB MOKA3ald, YTO C YBEIUYECHHEM JaBJICHUS B
Kamepe cropanusi Habmomaercs cHrbkenue coaepxkanus Hz, CO, N2 a copepxaHue BOJBI
yBEJIMYUBAETCS. AHANU3 MPOIYKTOB CTOPaHUs IMOKa3aj, YTO HAWMEHbIIEe KOIUYECTBO TSKEIbIX
coenuHenuii razos (H20, CO»).

[Io cpaBHeHMI0O C 0a30BOl cMeceBOl KOMIO3MIIMEW 3HAadeHHE aAnabaTUYecKOu
Temmnepatypsl Tax Ipu f06aBIEHNHN aMoMuEES ToBbTaeTca Ha 1305 °C; a Jy, — na 99-100 c.

Beenenne B cucremy HI'Y — akTHBHOTrO roporouero-cBs3yrollero, moBbIIAeT Tax 1O
CPaBHEHHUIO CHUCTEMbl C HHEPTHBIM TOPSAYUM-CBSI3YIOUIUM HE3HAYUTEIBHO. 3HAYUTEIBHOE
yBermuuenne Tay (Ha 763 °C) mabmomaercs mns cucTeMsl Ha cMmeceBoM okucnutene (HA/HMX),
yaenbHOro umnyibsca — Ha 20-30 c.

CocTaB MpOyKTOB CTOpaHUs 751 KOMITO3UIIMU HA MHEPTHOM U aKTHBHOM TOproYeM OJIHM3KU
o 3Ha4YeHuto 24,5. ConepkaHue MPOTyKTOB TOPEHUS JIUIsI CMECEBOTO OKHUCITHTEINS - 25,2 MOJIB/KT.

MakcumanbHbI#i yaeapHblid uMyibe s cucrembl HA-HMX-CKJIMS80-Al, MuHuManbHbIi
yaensHbI nMiTyise B — HA-CKJIM-80.

AHanm3 TepMOAMHAMUYECKUX PACUETOB MOKA3AIL:

— 3HadyeHus sHepruu [mOOca ns BRIOpAHHBIX CHCTEM IOKa3ajdd BO3MOXKHOCTh TMPOTEKAHMS
pEeakIK B CaMOIPOU3BOJILHOM PEXXUME B MHTEPBAJIE UCCIEAYEMBIX TEMIIEPATYD;

— 3HayeHus1 ’Hepruu ['mbOca peakuuii 0Opa3oBaHUs OKCHIA ATIOMUHHUS M HUTPHUIA ATIOMHHUS
MOKAa3aJIi BEPOSTHOCTh OKUCIICHUS AMIOMHUHHUS 2-2,5 pa3a 00Jbllie, 4eM ero B3auMOeCTBHE;

— YBEJIMYEHUE KOoJIM4YecTBa altoMuHus 10 15 macc. % mnoBbimaercss Tax U Jyy, JanbHellnee
MOBBIIIEHHE — K YBENIUYEHHIO Ta; M TageHHIO Jy;, KOTOpPOE CBA3aHO C YBETHYECHHUEM
KOHIeHCHpoBaHHOM (a3bl B Buae Al2O3;

— HCIONB30BaHUE dHEpreTrdeckoi n06aBku HMX mpuBOAMT K POCTY YAENHHOTO UMIYIbCa H
aanabaTHIecKo TeMIepaTypbl, HE3aBUCHMO OT MPHUPOIBI TOPIOUET0-CBA3YIOIIETO.

IIpou3BeneHHBIN pacueT TepMoAMHaAMUYeCKHX BenuduuH 1o nporpamme ACTPA He
YUUTHIBAET TAaKUE XAPAKTEPUCTUKU MCXOAHBIX KOMIIOHEHTOB, KaK JUCHEPCHOCTb HCXOJHBIX
KOMITOHEHTOB, MapKa U XUMUYECKasi aKTHBHOCTh ATFOMUHUSI, KOTOPBIE SBIITFOTCS OMPEACIISIOIIIMHI
dakTopaMy, BIMSIONIMMHU HAa KHUHETHKY TOPEHHS CHUCTEMBI, TeMIlepaTypy BOCIUIAMEHEHUS U
TeMIlepaTypy mpoliecca.

3akiaroueHue

[TpoBeneH TepMOIMHAMUYECKII aHATTN3 UCCIIEyEMbIX COCTABOB.

YcTaHOBIIEHO, YTO peaKiysl HUTPUA000pa30BaHUsl aTFOMUHUS B SHIOTEPMUYECKOM PEKHUME
BO3MOKHa Ipu Temneparype okoio 3000 K.

Paccuntanbl ammabaThyeckwe TeMmepaTypbl TOPEHHUS CHHTE3WPOBAHHBIX TOTUIMBHBIX
CUCTEM B KaMepe CI‘OpaHI/I}I nu TCMHepaTypI:I Ha BBIXOAC M3 COIllIa HpI/I 3aJaHHBIX 3HAUYCHHUAX
naBineHui Px/Peux = 4/0,1; yaenbHbI UMIyNbC Jy;. M 3aBUCUMOCTh UX 3HAUY€HUN OT HM30BITKA
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OKUCIIUTEJS, MPUPOBI CBSA3YIOMIETO U YHEPreTHUeCKOi 100aBKu. Tay aist cuctem HA-CK/IMS80-A1
B 3aBHCHMOCTH OT M30BITKA OKMCIUTENS — 2537-2544 K; niaa cucTeMbl Ha CMECEBOM OKHCIIMTEE —
3398-3425 K; nmns cucteMbl ¢ aKTUBHBIM TOpIOYMM-CBs3ytommM — 3297-3334 K, ynenbHbIN
HUMITYJIBC COOTBETCTBEHHO — 240- 265 c; 269-270 c; 257-260 c.

Pabora Obuta BhIMONHEHA B paMkax peanm3anuu npoekra AP 05130784 Komurera Hayku
MOH PK.
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OBPA3OBAHUE «I'PADUTA»

T.A. IllabanoBa, B.A. I'1arojien

WHctutyT reonornyeckux Hayk r.Anmarsl yn Kaban6aii 6arbipa 69a
Shabanova-tatyana@list.ru; Vaglag@mail.ru

Hanopasmepnsie yactuibl rpadgutoB odpasyrorcs ciosimu radenos B 30He 1000 - 1300°C.

B Hacrosiiee Bpemsi TpeOyeTcs pelaTh CIIOKHbBIE, MHOIOIUIAHOBBIE, MPOTHBOPEUYUBBIE
MeXXoTpaciieBble MpobsemMbl. B 3T0# cBsizu onpapabiBaercs npeanonoxenue B.M. Bepnanckoro o
TOM, YTO B JJaJIbHEUIIIEM HAIlM 3HAHUS OyAyT pa3BUBaThCs HE [0 HayKaM, a 110 IpobdiieMam.

Bcem wusBectHO monstue «rpadut». Hamm nepBble COMHEHMS B «3HAHHUSAX» YTO TaKOe
rpaduT MOSBUIKNCH, KOTJIa OblUIa CHATA MUKPOAU(PAKIIMOHHAS KApTUHA OT YaCTUYKH, CO/EpIKaIIen
HECKOJIbKO BHJIOB MOJHUKpHCTaLIHUecKoro «rpadura» (mo d002). Torma Bce ObUIO CIHMCaHO HA
Haso)keHue 4vactul. Ho BeposTHOCTh 3TOro, mpu II9OM wHccnenoBaHusAX METOMOM IMPHULEIbHBIX
peruInk ¢ oopasiia, OblIa 0YeHb MAJICHBKOM.

B «xumHMueckux Haykax» JaBHO pacCMaTpHUBaeTCsl pacllelyieHHe TIpapuToB IO
BO3JICHICTBUEM pA3IMYHBIX BELIECTB. «....BO3MOXXHOCTH 00pa3oBaHMs TakWX COEAMHEHUN
00ycioBI€Ha 0CO00H MPOCTPAHCTBEHHOM CTPYKTYpOil KpUcTaIUTOB rpadura. Hannuue cnoucroit
CTPYKTYpPBI [Ta€T BO3MOXXHOCTb [UIS NPOHUKHOBEHHUS DPA3UYHBIX pPEareéHTOB MEXIy CIOSIMHU
IUIOCKUX ceToK [1]». Jloruuno npennonoxuts, uro rpaden/rpadan He cpa3y oOpa3yeT rpauToByIO
CETKY, a JOoKaibHO (puc. la). «3axBar - BHEAPEHUE» MPUMECEH BO3MOXKEH IPHU MOCTPOCHHUH Kak
rpadeHoB, pemieTku rpadura (puc.16), Tak Mexay ciaosmu rpadura (puc. 1B). Bee atu coenunenns
Oynyt rpadputamu, HO ¢ pasauaabiM 002,

— A ——
- : —

B = = )5

C"rpacpf’ A

C"rpafbf'

a 3] B

Pucynok 1. Cxewmsl. JlokanpHOe oOpa3oBaHHE YIMAKOBOK rpaguToB B 00I1IeM He rpaduToBOI
CTPYKTYpe — a [2]; BXOXICHHE MpUMecei B clion «rpaduta -A»-0; Mexay «rpadpuramu -A» - B [3]

[Ipu wuccnenoBaHWM METOJAMHU TPOCBEUMBAOIICH DIEKTPOHHONM MUKPOCKONMUU YaCTHII
(ITOSM) o00pa3oBaHHBIX YIJIEPOJAOM, KaK METOJlaMH CHHTE3a, TaK W B TPHUPOIHBIX YCIOBHIX
BBUSICHIIIOCH: 4YTO €CTh pa3iinuHble JnorpaduToBble (OMpeaensieMble IO COOTHOIIECHUIO
WHTEHCUBHOCTEH pediekcoB) u rpadutoBoe (puc. 2) COCTOSTHUS BEIIECTBA.
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Pucynoxk 2. II9M caumMku. «IIneHounoe obpa3zoBanue» - a, MUKPOAU(PAKIIHOHHBIE
KapTUHBI OT MOHOKpHUCTaIIa — O(BepX ), MOTUKPUCTAILIA - O(HU3); CBEPHYBIIASCS TUICHKA - B, €€
TUQPaKIus - T «\OPHEHTUPOBAHHBIN IrpaduT

EcTh opueHTHpOBaHHBIN rpaduT - 3TO KOT/AA IUIACTHHKH I'PaUTOB YJIOKEHBI IO/ YIJIOM B
Kaxyueics yactuue. [lpu yriax, 6nuskux k npamomy (90°), tepsiercst otpakenue 002 (puc.1r). To
ecTb, NpHU JUPPAKIUU, B IUIOCKOCTHBIX (TUIGHOYHBIX) CTPYKTYpax, CKOpee Bcero, Oyxaer
MPUCYTCTBOBATh OPHUEHTHPOBAHHOCTh MHUKPOAU(PPAKIMOHHBIX KapTHUH. OTOT BHA TpaduTOB
npeoOnagaeT (BUIHO M3-3a MPe00IIalaHusl MPOIIECCOB OCAKICHU).

Yacro yactuiibl rpaduToB (HE TOIBKO CUHTE3MPOBAHHBIE) UMEIOT HEOPAUHAPHBII BHEITHUN
Bua. Tak, mns craauitHOW (TIOCIIEIOBATEIbHO MEXAaHOXMMHMUYECKOW W XUMHUYECKOW) METOIUKH, Ha
MOBEPXHOCTAX HEKOTOPBIX YacTUIl OOpa3ylTcs TMeTenbuaTble TpadUTOBBIE CTPYKTYPHI.
CBopaunBasch (Kak «4acTUIa» BBEpXy HeratubBa Ha puc. 3a), oOpa3yloTcsi CaMOCTOSITEJIbHbIE
rpaduToBsie (10 Audpakum) yacTuisl (puc. 36).

Pucynoxk 3. II9M cuHumku. ['paduTOBBIC YaCTHUIIBL: IGHTOUHAS — a; «TpaduUTOBas po3ay - 0

«CBOpaunBaHUIO» TMOCBSAIICHBI TPYAbl MHOTHX HcclefoBaHuil. Hampumep, B pabote [4]
YIOMHUHAETCSl CBOpadynBaHue ciiosi rpadena (puc.4) (pa3Mep CBEpHYTOTO Kpas UYyTh OOJIbIIE
3aXBa4YE€HHOI'O TIPU CBOPAYMBAHUU WJIM HHTEPKAIMPOBAHHOTO (yIjiepeHa).
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Pucynok 5. Cxema npeoOpa3oBaHus yriaepoAUCTOTO BEIIECTBA - a; CXeMa YCTpOHCTBa rpaduTOBOM
nauku 2H (ABAB, no6aBneHo aBTopom) - 6

B suBape-despane 2016 r. B umznmatenbctBe MOH PK Bbiuia cratbst o 30HaJIBHOM
CTPYKTYypHU3alus IPUPOAHOTO YIiaepoaa [2] MOBOAOM Ul KOTOPOM sSBUJIaCh KHUTA, B KOTOPOW JaHa
cxemMa (OpMUPOBAaHHUS YIJIEPOJHBIX COEAMHEHUNH OT aMOp(QHU3MPOBAHHOTO YIJIEPOAMCTOIO
BellecTBa 0 Tpadura (mns peaktopHoro rpagura) [5]. B Helt Buano (puc. 5), uro ciou
o0pa3yroTcst He cpasy, U UTO CJIOM YIJIEpOAOB - rpad)€HOB MOTYT CYIIECTBOBaTh pa3aeiibHO. OHHU
MOTYT 00pa30BbIBaTh rpadur.

W3BecTHBI faHHBIE TO paciieruienuto rpadutos [eiima u HoBocénosa.

I'padut pacmerusiercss Ha oTaenbHBIE ciaou. BepostHO, 31O ciou rpadeHoB/rpdaHoB —
MeJbue TOJIBKO CaM aTOM YIJIEpoAa.

B npupoansix ycrnoBusix npeo0ianarT IIEHOYHO-TUIOCKOCTHBIE TPapUTOBBIE YaCTHIIBI [6)].
IIpu naBneHUM U3BHE, OYEBUIHO, CTPYKTYPHI YIIJIOMAIOTCS.

To ecTb, yCTaHOBIIEHO, YTO, HaHOpPa3MepHbIe TpapuThl (MU YACTh) CIIOKEHBI CIOSIMU
rpadena/rpadana (Juist Busyanuzauuu B [I9M 3T 1Ba 00beKTa SIBISIOTCA TPYAHO Pa3IeTuMbIMU
00pa30BaHUsIMMU).

JlaHHbIE O TeMIepaType Ha PUCYHKE 5 COIJIaCyrOTCs C JJaHHBIMM Ha pucyHke 6. Ha cxeme
oOpa3zoBanms BemiecTBa [7] mpu ropenuu (puc. 6), MOXKHO OIPEICIUTh 30HY OOpa3oBaHUS
HAHOYACTHUI] TpadUTOB (KaK ClIaraéMoro M3 HaHOCTPYKTYp - JUCTOB rpadeHoB). Eio sBnsercs 30Ha
1000-1300 °C (pwuc. 6) 30Ha 2.
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Pucynok 6. Cxema. 30Ha oOpa3oBaHMs METAJLIOB - 1, 30Ha 00pa30BaHUsl HAHOCTPYKTYP
(HaHOTPYOOK) — 2, 30Ha 00pa3oBaHus OKCHIOB — 3, [7]

CrnenoBarenbHO, HaHOPa3MEpHbIE YACTHIBI TIpaUTOB, CleAys OSTOH CXeme, HMEIT
TeMIepaTrypy o0pa3oBaHHs HUKE YKa3aHHOM IS «MACCHBHBIX)» 00pa3IoB.
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Introduction

The availability of clean water has become one of the most fundamental needs nowadays.
One out of seven people worldwide still has no access to drinking water. Salty water contributes to
the deterioration of world’s heritage (buildings, monuments, routes) and has a big impact on the
crops and human’s health.

Capacitive deionisation (CDI) is a modern and efficient technology to purify water solutions
of small concentration and, what is more, it is fully reversible. Such performance is possible thanks
to the formation of an electrical double-layer (EDL) which enables to store charged ions in the
pores of polarized electrodes. Hence, the most promising materials for electrodes are those with
highly-developed specific surface area, large number of pores, good electrical conductivity and
moderate cost. Due to these properties, nanoporous carbons received world’s attention.

The objective of this work is to test various electrode materials and experimental
parameters, in order to determine the most optimal conditions for desalination and to describe the
behavior of ions while electrosorbing in porous electrodes.

Materials and Methods

Electrodes in form of squares (6 cm x 6 cm) were prepared from three carbon materials:
Kuraray YP 50 F; Kuraray YP 80 F; Norit DLC Super 30. For the materials the content of activated
carbon and binder were 95% and 5%, respectively. 60wt % dispersion of PTFE in H,O (SIGMA
ALDRICH) was selected as binder due to its lower reduction of pore volume than other commonly
used binders. Carbon powder and binder were blended and after rolled with a calendaring machine.
After achieving satisfactory size, thickness (500 um) and texture, the material was dried under
vacuum at 110°C for 3 hours, then cooled down and weighted.

Results and Discussion

All  electrochemical experiments were carried out wusing a multi-channel
potentiostat/galvanostat VMP3 from Biologic using Chronoamperometry Cyclic voltammetry
Electrochemical impedance spectroscopy and Galvanostatic cycling with potential limitation
methods.

As support for the CDI measurements, the electrochemical properties of the materials were
determined in Swagelok® cell, using the highest NaCl concentration applied for CDI, which is 100
mmol-L? NaCl. From the obtained voltammograms, it was observed that all materials exhibit
nearly rectangular shape of CVs. The highest capacitive current is observed for DLC Super 30 and
the lowest for YP8OF. There is not a direct correlation between this current and the textural
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parameters, e.g., specific surface area of the materials. This is due to the fact that the trapping of
ions is also strongly influenced by the relative relationship between size of pores and ions.

For the purpose of CDI analysis, usually adsorption peaks are taken into account. Salt adsorption
measurements are obtained in solutions of 5, 10, 50 and 100 mmol L. Applied voltage reached 1.2
V and flow rate of solution of 5 mL min™,

In each conducted experiment the curve displays the same shape, typical for CDI. The
concentration rapidly decreases and after reaching minimum progressively increases heading for the
initial value. The general performance of tested materials is comparable in concentrations below 10
mmol Lt but it differs more at higher concentrations of solution.

In order to have a wider view on the adsorption/desorption CDI process, the entire cycle is
presented in Figure 1 for YP8OF.

12,2
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Figure 1. Outlet concentration vs. time for a complete CDI adsorption/desorption cycle with
Kuraray YP 80F material electrodes, polarization voltage 1.2 V, flow rate 5 ml/min, concentration
10 mmol-L*

Conclusions

CDl is a quick and efficient technology for the desalination of water with low content of salt
(up to 100 mmol - L. The application of chronoamperometry allows for reversibility and
cyclability of CDI process within the same cell assembling. The highest amount of adsorbed salt is
observed in case of microporous electrodes. However some amount of mesopores is also necessary.
The highest salt removal efficiency is obtained for the lowest salt concentrations.
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Superhydrophobicity is a fairly common phenomenon in nature [1-5]. Most of these are
found on the surfaces of plants or insects. Since the 1990’s superhydrophobic and self-cleaning leaf
surfaces have been studied in great detail. From electron microscopy of lotus leaf it has been shown
that the excessive non-wetting properties of these leaves arise from a hierarchical dual-scale surface
structure consisting of micro-scale papillae covered with nano-scale wax crystals.
Superhydrophobic leaf structures, possessing these non-wetting surface features, have been used as
a biological blueprint in the structuring of a variety of materials, rendering their surfaces highly
water-repellent [2-3]. Nevertheless, many of these structuring processes are precious and/or have
size limitations that restrain their practical applications. Although there has been a considerable
effort to characterize and mimic these leaf surfaces, less is known about the exact mechanism(s) for
the formation of their surface features, and how they react to different external environmental
stresses. Otten and Herminghaus have revealed that there are at least two different types of water-
repellent plant leaves [6]. In recent years, increasingly efforts have been devoted to fabricate
superhydrophobic polymeric surfaces with microscale hairy structures. The microscale hairy
structures are generally fabricated by template assisted processes [5-7].

Using agricultural wastes as high-value products is gaining importance due to their reduces
the amount of waste and solves ecological problems. Crustacean shells and chicken eggshells are
the noticable wastes which comes from by agro-based industries. Bioconversion of these wastes for
oil spill remediation is considered as most promising and challenging task.

It is known that dry chicken eggshells contain around 80-90% calcium carbonate by weight.
Researchers have also successfully applied eggshells for the treatment of environmental
contaminants [10-11].

Due to the complexity of handling oil spills and its detrimental effect to humans and the
environment, it is more challenging and promising to apply these useful compounds as oil
adsorbent. Oil spills impose a significant cost upon the communities affected, in the form of
cleanup and social costs like loss of tourism and fishing, not to mention the destruction of the
marine ecosystem, which would have far-reaching effects over many years.

Chitosan-CaCOs composite based on agricultural waste, as shrimp shells and chicken
eggshells was successfully developed and applied for the removal of oil from water.
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COBPEMEHHBIE METO/JIbI IIOJTYYEHUS IEPOBCKUATOB 1151 COJTHEYHON
HEPI'ETUKH

I'.T. dmxamanbaeBa, A.A.3axugos, 'I'.111.p-Myxamenosa

'KasHY um. anp-®apabu, Anmarsl, Kasaxcran
2 Yuupepcurer B Jannace, Jamnac, CILIIA

AuHoraunusi. IIpoBefeH aHAIW3 COBPEMEHHBIX METOMOB (DOPMHPOBAHUS HAHOCTPYKTYPHUPOBAHHBIX
TICPOBCKUTOB 1JId COJIHEYHOU OHCPI'CTUKH. Ilokazano BiausHHE MIpUupoabl MaTE€PUAJIOB U TOJIIHUHBI HAHOCTPYKTYPHOI'O
c110s1 Ha 3 PEKTUBHOCTH COTHEYHBIX JIEMCHTOB.

Ha ocHOBe mNpEeBOCXOOHBIX DJICKTPUYECKUX M ONTHYECKUX CBOMCTB XapaKTEPUCTHK
TaJOUIHBIX IEPOBCKUTOB W TPOCTOTE WX IPOM3BOACTBA CO3AAIOTCS S((PEKTHBHBIE COIHEYHBIC
6arapeu, (HOTOAETEKTOPHI, CBETOANOABI U Jlazepbl. Ho JomoiaHHUTENbHbIE HAHOCTPYKTYPUPOBAHHE
MIEPOBCKUTOB OTKPHIBAET HOBBIE BO3MOKHOCTH I10 YIYYIICHUIO XapaKTEPUCTUK ITUX YCTPOUCTB

Marepuanbsl COBMECTUMBIE C TPAIUIIMOHHBIMH KPEMHHUEBOW AJIEKTPOHUKOW WM THOKUMH
MOJUIOKKAMH ~ MMEIOT ~ 0COOYyI0  TNPHBICKATENbHOCTh. boJbmas dYacTh HaHOCTPYKTYPHBIX
(OTOIETEKTOPOB MOTYYSHHBIX 10 HACTOSIIETO BPEMEHHM Ha OCHOBE HEOPTraHMYECKHX MaTepHAIOB
TakMX Kak yriepoansie HaHOTpYOKH, |I-VI rpynmst u coenunenusimu |1-V rpynner tabnunsr /1.
MenneneeBa. OTH MaTepHabl CHHTE3UPYIOTCS ITYTEM OTHOCHUTEIBHO TOPOTMMH METOJAMH TaKHX
KaK Map-KUJAKOCTH-TBEPJIOE€ TEJNO WM SIHUTAKCUS, KOTOpPbIE CTAJKHBAIOTCA C TPYAHOCTAMHU
WHTETPAllMd Ha ypPOBHE CHUCTEMBI. Pa3BuUTHE WX MNPAKTHYECKOTO NPUMEHEHHUS TakuM o0pa3oM
3aTPYIHSIOTCS.

B mocnennee BpeMsi THOpUIHBINA OPTaHOWJITAIOTEHUIHBIE MEPOBCKUTHI TAKHE KaK THIIA
CH3NHsPblz  (cBuHenm  Mmetunammonustpunomun  MAPDI3),  cramm  MHOrooOemaroIuMu
MaTepuajlaMH ISl TEePCIIEKTUBHBIX ONTORJIEKTPOHHBIX YCTPOWCTBAX H3-32 HMX IPEUMYIIECTB,
YBEJIIMYEHUIO JIUHBI Ju(p(dy3un, BbICOKas HeCyllas IMOABMKHOCTE M OOJIBIION ONTHYECKHUM
KOX(QQHUIIMEHT MOTIIOMICHHUS B IIUPOKOM JHara3oHe JUINHBI BOJH.

a b C

I Si nanograting mold
III|II|||||||||| pi!

Perovskite Perovskite Perovskite

I[N — S10,
i si

Pucynok 1. Cxemaruueckoe n300paskeHHE Tpoliecca HAHOUMITYIILCHO# JuTorpadun: (a) popma Si
wiockasi, (b) popma Si nanokoonna u (¢) popma Si HaHOpEIIETKA.

Boree Toro, mpou3BOJACTBO 3TUX OPTaHUYECKUX-HEOPTAaHUIECKUX THOPUIHBIX TIEPOBCKUTOB
ABIISIOTCSL SKOHOMHUYECKUH 3¢ ¢ekTuBHbIM. B HacTosiee BpeMmsi cooOIIaeTcss MEPOBCKUTHBIX
(dboTonpueMHHKAX, CTPYKTYpol MeTaui-noiaynpoBogHuk-metan (MSM) mnpusnekaer k cebe
MHTepec Oyiarogapsi CBoeMy MpocTaTe U MHTETPAIlH IPEUMYILECTB.
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PASPABOTKA METOJA ®OPMUPOBAHUSA HAHOCTPYKTYPHOI'O TIEPOBCKHUTA
A.E. Kymabaesa, I'.I1l. AAp-MyxamenoBa

KasHY nm. ans-®apabu, Anmatser, Kazaxcran

AuHoTanmsi. [IpoBefeH aHamW3 COBPEMEHHBIX METOMOB (OPMHUPOBAHHMS HAHOCTPYKTYPHPOBAHHBIX
MIEPOBCKUTOB IS COTHEYHOM dHEpreTHKH. [10Ka3aHo BIMSHHE MPUPOIbI MATEPUAIOB U TOJIINHBI HAHOCTPYKTYPHOTO
c110s1 Ha 3 PEKTUBHOCTH COTHEYHBIX JIEMCHTOB.

B nocnennee BpeMs IEPOBCKUTHI HAa OCHOBE TaJOT€HOBOJOPOJHOM KHCIOTHI CTAJIH
MEPCHEKTUBHBIMU ~MaTepuajaMy Uil  ONTORJIEKTPOHHBIX MPWIOKEHUM, B YacCTHOCTH JUIS
dororanbBaHuKH, (HOTONPUEMHHUKOB, W TEHEpalmus, C HH3KOH CTOMMOCTBIO U BBICOKOM
MIPOU3BOJUTEIBHOCTBIO.

HCTOYHHK CBeTa

T -ZOX

o

Qo

Pucynok 1 — Cxemaruueckoe n3odpaxeHue Meroqa GopMUpoOBaHUs EPOBCKUTA

Mexny TeMm, HaHOpa3MepHble (DOTONMPUEMHUKU TPUBICKIH OTPOMHOE BHUMAaHHE K
pair3aniui MUHUATIOPHBIX OIITO3JICKTPOHHBIX CUCTEMBI, ITIOCKOJIBKY OHU o0ecreunBaoT BBICOKYIO
9yBCTBUTEIHLHOCTh, CBEPXOBICTPHIE OTBET U CIIOCOOHOCTh OOHAPYKUBATH BHE MUGMPAKIIUU TpPEell.
31ech MBI COOOIIaeM O BBICOKONPOM3BOJIUTEIBHBIX HAHOPA3MEPHBIX PHUCYHKAX TMEPOBCKUTHBIC
(bOoTONpUEMHHKH, BBHIMOTHEHHBIE HaHouMmmpuHTOM Jjutorpadus (NIL). Cnuprocomepsxariuit
CBHHIIOBBIII METWJIIAMMOHHM TPUHOIN] ITEPOBCKUTA NOKA3BIBAECT YJIYUIICHHYIO KPUCTAUIMYHOCTD U
orntuyeckue cBoiictBa mocie NIL. HaHomedaTHble MeTamIoneTEKTOPHI-METAIT-(DOTONMPUEMHUKI
JEMOHCTPHUPYIOT  3HA4YUTEIBHO  YIy4YIIE€HHAass I[POMU3BOAUTEIBLHOCTE II0  CPaBHEHHIO C
HEBIIEYATISAEMBIMU OOBIYHBIMU TOHKOTUIEHOUHBIMH YycTpoiicTBamu. D¢ dektsr NIL reomerpuu
0o0pasloB Ha OMNTOAIEKTPOHHBIX XapaKTEPUCTHUKAX, a Takke (OTOAETEKTOPhI Ha OCHOBE
HaHOpa3MepHOI KapTHUHBI MPOJIEMOHCTPUPOBAIIU JTY4YIIyIo MIPOU3BOJIUTEIBHOCTD,
MIPOJIEMOHCTPUPOBAB IPUMEPHO 35-KpaTHOE yIyUILIECHHE 110 YyBCTBUTEIBHOCTH U 7 pa3 yIydllleHHe
KOC-)(b(I)I/II_II/ICHTa BKIIFOUYCHUA / BBIKJIFOUCHHA 1O CPaBHCHUIO C HCHUMIPUHTHUPOBAHHBIMU
ycTpoiictBamu. Beicokass mpousBogutTenbHOCTh  NIL-HaHorpadupoBanus  (HOTOIETEKTOPOB,
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BEPOSTHO, SIBIISIIOTCS PE3YIHTATOM BBICOKOW KPUCTALIMYHOCTH U MPEANOYTHTEIHLHOW MOP(OIOTUN
HAHOCTPYKTYP, YTO CLIOCOOCTBYET MOBBIIICHUIO MOABHXKHOCTbD, JUIUTEILHOCTh AUPDY3UH U Tydlliee
norjomeHrue (oronoB. Hamu pesynapTarel mokazanmu, uro NIL sBisiercs SKOHOMHYECKH
3¢ (HEeKTUBHBIM CIIOCOO U3TOTOBIIEHUS BEICOKOIIPOU3BOIUTENBHBIX TEPOKCUIHBIX ONMTOAIEKTPOHHBIX
YCTPOMCTB TEPOBCKHUTA, KOTOPHIE MOTYT OBITh MPHUTOAHBI JUIS TPOU3BOJCTBO BBICOKOILIOTHBIX
MEPOBCKUTHBIX HAHO(POTOAECTEKTOPHBIX MAacCHBOB U 00O€cCleYeHHE HHTErpalnuud ¢ HOBEUIIUMU
TEXHOJIOTUSIMU JIEKTPOHHBIE CXEMBI.
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M3YYEHHUE CIIOCOBOB INOJTYYEHUS TIEPOBCKUTA HAHOUMIIPUHI TUHI'OM
I'MBPU/IHBIX IIOBEPXHOCTEH

E. K. Kypmanraum, I'.1L1.SIp-MyxamenoBa

KasHY um. ans-®apabu, Anmarsr, Kazaxcran

AnHoTtanms. [IpoBesieH aHAIN3 COBPEMEHHBIX CIIOCOOOB IOJIyYEHHST HAHOCTPYKTYPHPOBAHHBIX IEPOBCKUTOB
IUISL COJIHEYHOW SHepreTHKu. IlokazaHo BIWSHUE NPHPOIBI MAaTepHANOB M TOJIIMHBI HAHOCTPYKTYPHOTO CIIOS HA
3¢ PEKTHBHOCTD COTHEYHBIX IEMEHTOB.

B nocnennee BpeMs IEPOBCKUTBI HAa OCHOBE TaJOT€HOBOJOPOJHOM KHCIOTHI CTAJIH
MEPCHEKTUBHBIMU ~MaTepuajaMy ISl ONTORJIEKTPOHHBIX MPWJIOXKEHUH, B YACTHOCTU JJIA
dororanbBaHuKH, (HOTONPUEMHHUKOB, W TEHEpalmus, C HH3KOH CTOMMOCTBIO U BBICOKOM
MIPOU3BOJUTEIBHOCTBIO.

IRy

Pucynok 1. Ctpykrypa conHeynoro aneMmenTa Ha ocHose ['OHIT

ConHeuHbIE DJEMEHTHI Ha OCHOBE THOPUAHBIX OPraHO-HEOPTaHWYECKUX MEPOBCKUTOB
(I"OHII) HaxoasTcst HA IEPEIOBOM Pa3BUTHS BO30OHOBIISIEMBIX UCTOYHUKOB dHEpTuu. CIIOCOOHOCTD
MpeoOpa3OBhIBATh CONHEUHBIM CBET B JJCKTPUUECKUN TOK TAaKUMH DJIEMEHTaMH ObLla OTKPHITA
coBceM HemaBHO, B 2009 romy. OxHako, 3a HEOOIBIION MPOMEXYTOK BPEMEHH, TPOIIEAININNA C TEX
nop, KIIJ] conneunsix snementoB Ha ocHoBe I'OHII yBenuumncs ¢ 3 % [1] mo 22 %, uto
HECOMHEHHO SIBIIIETCS BBIIAIOIIMMCS pe3yibraTtoM [2-5].

Mexny TeMm, HaHOpa3MepHble (OTONMPUEMHUKHA TPUBICKINM OTPOMHOE BHUMAHHUE K
peain3al MUHHATIOPHBIX ONTO3JIEKTPOHHBIX CUCTEMBI, TOCKOJIBKY OHH 00ECIIeUHBAIOT BBICOKYIO
9yBCTBUTEIIHLHOCTh, CBEPXOBICTPHIE OTBET U CIIOCOOHOCTh OOHAPYKUBATH BHE MUMPAKIIUU TIPEICIL.
3nech Mbl cOOOLIaeéM O BBICOKOIPOU3BOAUTENBHBIX HAHOPa3MEPHBIX PHCYHKaX IEPOBCKUTHbBIE
dboTonpreMHNUKH, BHIMONHEHHBIE HaHomMmnpuHToMm mutorpadus (NIL). Cnuptocomepskamuit
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CBUHIOBBIII METUJIAMMOHUN TPUUOIU IEPOBCKUTA ITOKA3bIBAET YIIYUIIEHHYIO KPUCTAIUIMYHOCTD U
onTtuyeckue ceorictra nocie NIL[4].

HanoneuatHsie METaJUIOIETEKTOPBI-METAII-(POTONPHEMHUKN JEMOHCTPUPYIOT
3HAYUTENNbHO YIYYIIEHHAs NPOU3BOAMTEIBHOCTD 10 CPAaBHEHUIO C HEBIEYATIIAEMBIMU OOBIYHBIMHU
TOHKOIUIEHOUHBIMH ycTpoiicTBamu. Dddektsl NIL reomerpun 00pas3lioB Ha ONTOAJIEKTPOHHBIX
XapakTepUCTHKaX, a Takke (OTOHETEeKTOpbl Ha  OCHOBE  HAHOPa3sMEpHOW  KapTUHBI
IIPOJEMOHCTPUPOBAIIN JIYUIIYIO IPOU3BOAUTENBHOCTD, IPOAEMOHCTPUPOBAB IPUMEPHO 35-KpaTHOE
yJIy4lIeHUe 110 YyBCTBUTEIBHOCTH U 7 pa3 yaydlleHue Kod(pQPHUIHUEHTa BKIOYEHUS / BBIKIIOUEHUS
[0 CPaBHEHMIO C HEMMIIPUHTHUPOBAHHBIMU YCTpOMCTBaMHU. Bbicokas npousBogutenbHOCTh NIL-
HaHorpapupoBaHus  (OTOAETEKTOPOB,  BEPOSITHO,  SBISAIOTCA  PE3yJbTaTOM  BBICOKOH
KPUCTAUIMYHOCTH W TPEANOYTHTEIBHOH MOp(ONIOTHH HAHOCTPYKTYp, UYTO CHOCOOCTBYET
MOBBIIIEHUIO MOABUKHOCTD, JUINTENIBHOCTD AU((y3UH U JIydlliee NOorIoneHne (POTOHOB.

Hamm pesynbraTtel mokasanu, uro NIL sBisercs sxoHoMHuYecKH 3()()EKTHBHBIM CIOCOO
U3TOTOBJIEHUSI ~ BBICOKOIIPOU3BOJIUTENBHBIX  IEPOKCUAHBIX  ONTORJIEKTPOHHBIX  YCTPOMCTB
IIEPOBCKUTA, KOTOPHIE MOTYT OBITH IMPUTOAHBI /ISl IPOU3BOACTBO BBICOKOIUIOTHBIX MEPOBCKUTHBIX
HaHO(OTOAETEKTOPHBIX MAacCCHBOB U OOECHEYEHHE MHTErpaliyd C HOBEHIIMMHU TEXHOJIOTMAMU
JJIEKTPOHHBIE CXEMBI.
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PEHTIT'EHOI'PAOUYECKHUE HCCIIEJOBAHUA HAHOCTPYKTYPUPOBAHHBIX
ITOKPBITHUH CrSiO2-C

P.A. lllomanos, I'.ll1.sAp-MyxamenoBa

KasHY um. ans-®apabu, Anmatsr, Kazaxcran

AHHoTanusi. IIpoBeneH aHamM3 COBPEMEHHBIX METONOB (DOPMHPOBAHUS HAHOCTPYKTYPHPOBAHHBIX
KOMIO3ULIHOHHBIX  3JeKTpoiuTHiyeckux  mokpeituii  CrSiO,-C.  HMcciemoBaHo — BIMSHHE — KOHLCHTpPALUH
KOMITO3HIIMOHHBIX 100aBOK Ha MUKPOCTPYKTYPY aHTUKOPPO3HOHHBIX MOKPBITHH.

B Hacrosiiiee Bpemst OJHUM U3 BaXKHEUILIUX BOIIPOCOB B MUpE sBJsieTCsl 00pb0a ¢ Koppo3uei
U okucieHue meramioB. KommnosutHble snekTponutnueckue mokpbitus (KOII) urparor rinaBHyro
POJIb B PEHICHUHU ATON MPOOIEMBI. DIIEKTPOIUTHIECKOE KOMITO3UIIMOHHOE TIOKPBITHE TIPEICTABISACT
COOOH MOKpPBITHE, COCTOSIEE U3 CIEUUAIBHON METANIMYEeCKOM MaTpHuubl U (PU3MKO-XUMHUYECKUX
CBOWCTB AucriepcHoOi ¢a3el. Eciin mucniepcupie yacTuipbl MeHbine oT 100 HM, OHM BXOJAT B COCTaB
JMCIIEPCHOM IpyMIbl HAHOMATEPUAIOB U MPUHLIUIHNAIBLHO U3MEHSIOT CBOMCTBAa MaTpuLibl. [loaTomy
B OT/EJIbHOM rpynne KOMIO3UIMOHHBIX AJIEKTPOJIUTUYECKUX IMOKPBITUN PETYIUPYETCsl MOHSTHE,
OCHOBHBIE CBOWCTBA M CTPYKTYpa 3JIEKTPOJUTUYECKHMX HAHOKOMIIO3UTOB M KOHKPETU3UPYETCS UX
YIaKOBKa, a II1aBHOE UCCIIEIOBaHUSI. MecTHble U 3apyOeKHbIE UCCIIEOBAHUS, POBOINMBIE
B MIOCJIEAHUE TOBI, TOATBEPKIAIOT, YTO Y IPOU3BOJCTBA HAHOCTPYKTYPUPOBAHHBIX KEPAMHUUECKHUX
KOMITO3UTHBIX U3JeNuid ¢ To4yHOM Qopmoit Oonbmioe Oynymiee. Takke HCCIeTOBaHUS
MOATBEPXKJAIOT, YTO IIPU TMOATOTOBKE pPEXYIIMX HWHCTPYMEHTOB C BBICOKOIPOYHBIMH U
HAaHOCTPYKTYPUPOBAaHHBIMU TBEPJBIMU CIUIABAMU CO3/IaHHUE M BBICOKOIIPOYHBIX KOHCTPYKIIMOHHBIX
MaTEpUaJIOB, YCTOMYMBBIX K KOPpPO3UH, YIIAKOBKU SBJISIFOTCS OCHOBHBIMH HAIIPaBICHUSIMH C
npekpacHbIMU  Oynymumu - oxumaanusmu. KOII ocaxmaroT U3 AIEKTPOIUTOB-CYCIEH3UH OHHU
3HAYUTENIBHO MOBBIIIAIOT IKCIUTYaTallMOHHBIE CBOMCTBA METAINIMUYECKUX ITOBEPXHOCTEN (TBEPAOCTb,
U3HOCOCTOMKOCTh, KOPPO3UOHHYIO YCTOWYHBOCTD | Jp.) [1-4].

Tabauna 1. PexxuMbl NOIydeHHs U COCTaB 3JIEKTPOIUTA-CYCIIEH3UU

Haumenosanue Ennaniet ITokazarenu
U3MEpEeHHUS

Xpomosoit anruapun CrO3 g/l 250,0...300,0

Cepnas kucnorta H2SO4 g/l 25..3,0

benas caxa SiO; g/l 5,0...45,0

Temneparypa ocaxxenuns, T K 303...343

ITiroTHOCTH TOKA, 1 A/dm? 3,0...7,0

[ToKpbITHS, TOJYYEHHBIE W3 OJJIEKTPOJIUTOB C Ppa3IMYHOM KOHLIEHTpalMenl IHOKCHUIA
KpeMHUs, IpU TeMIlepaTypax U IUIOTHOCTAX Toka B 3%-HoM pactBope NaCl. Jlo ucnbiTanus
00pa3ipl MPEABAPUTENHHO O0E3KUPHUBAIIM, TPOMBIBATN JUCTUIUIMPOBAHHON BOJOW 10 TMOJHOTO
cmaunBaHud. Ilocie 5 h KOppO3MOHHBIX HCHBITAaHWNM OOpa3lbl BHICYIIMBAIM, YHNAaKOBBIBAIU B
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¢GuIbTpOBANBbHYIO OyMary, BBLACPKUBAIM B AKCHKATOPE C BIATOMOIJIOTUTENeM B TedeHue 1 h u
B3BCIIMBAJIM Ha aHAIUTHYECKHX Becax ¢ TouHoCcThio 10 0,0001 g. OOpaboTKy pe3ysibTaToB
npoomiu o 'OCT 9.506-87, i 2.6 nmoka3zatens Tounoctu — E onpenensuim no FOCT 9.502-82.

KoadduimeHT TpeHus CKOIbKEHUS dJIEKTPOIUTHUECKUX MOKPBITHI OIMpeNesuid COrjacHoO
cxeMe, IpUBEIEHHOU B paboTe [3] u paccuuThiBaIu Mo hopMyIie:

f T (1)
=__ " = t rar
P g

rae Fp — cuna TpeHus ckoibxkeHus; P — cuia, ¢ KOTOPOH KOHTPTENO AABUT HA UCIIBITYEMYIO
MOBEPXHOCTH [2-3].

[Mpu wuccrnenoBanuu Hano-KOII ¢ momoripio peHTreHoBckoro audpakromerpa Rigaku
Miniflex 600 momyuwnu pe3yabTaThl KAueCTBEHHOTO M KOJMYECTBEHHOro (ha30BOro aHaIm3a
MaTepuaja a TakKXKe YTOYHWIM [apaMeTpoB pEeLIeTKH, JUIs JajdbHEHIIero yJIydlleHus
AHTUKOPPU3UOHHBIX CBOMCTB HAHOCTPYKTYpHPOBaHHBIX MOKPbITHH CrSiO2-C.
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HCCJEIOBAHUE MUKPOCTPYKTYPbHI U ®U3NKO-MEXAHUYECKHNX CBOMCTB
HAHOKOMITO3UIIMOHHBIX IOKPHITUI HA OCHOBE XPOMA

'A.E.KememkanoBa, °T. Jlamnke, T. 1.l p-Myxamenosa

KasHY um. anp-Papabu, Anmatsl, Kazaxcran
?TexHuueckuil yauBepcuTeT B XeMHuLe, XeMuul, [epmanus

AuHoTanusi. [IpoBeleHO HCCIeIOBAHHE MHUKPOCTPYKTYpPhl HAHOCTPYKTYPHPOBAHHBIX KOMITO3HIIHOHHBIX
anekTpouTHYeckuX MOKpbITHiE CrSiO,-C. UccnenoBaHo BIUSHHE KOHIEHTPAIIMH KOMITO3HMI[HOHHBIX J00aBOK Ha
MHKPOCTBEPAOCTh AaHTHKOPPO3UOHHBIX TOKPBITHIA.

B xadyecTBe M3HOCOCTOMKUX M KOPPO3UOHHOCTOMKHX 3JIEKTPOXUMHUYECKUX MOKPBITUH MOTYT
IPUMEHSTHCSI HE TOJIBKO MeETajlbl, HO U CIUIaBbl, B YacCTHOCTH, HUKeIb—XpoMm [1].
@DYHKIMOHAIBHBIE CBOMCTBA 3JIEKTPOJUTHYECKHX OCAJKOB MOYKHO YIYYIIHWTh, BHEIPSIS B HX
MaTpully Ppas3JIM4YHbIC JUCIEPCHBIE dYacTHOBL. JUIsI 3TOro MCHOJB3YyeTCS METOJA OCAXKICHUS
KOMIIO3ULMOHHBIX 3JeKTpoxumudeckux mnokpbituid  (KOII). B omimume oT Kiaccuyeckux
ranbBaHonokpbITHii, KOII ocaxparor u3 snekrponutoB-cycnensuil [2—S5]. KOII nomyuunu
pacrpocTpaHeHue Oyarogapss TOMY, 4YTO OHHM IOBBIIAIOT SKCIUIyaTallMOHHbIE CBOMCTBa
METAIJINYECKUX MMOBEPXHOCTEN (TBEPAOCTh, M3HOCOCTOMKOCTb, KOPPO3HOHHYIO YCTOWYMBOCTH U

ap.).

Ta6J'II/II_Ia 1. Pexxumebl IMMOJIYUYCHHUA U COCTAB 3JICKTPOJINTA-CYCIICH3UN

HaumenoBanune Enuanner IToxazarenu
U3MEpCHHUS

Xpomooit anrunpun CrO3z g/l 250,0...300,0

Cepnas xucinora H2SO4 g/l 25..3,0

Benas caxa SiO2 g/l 5,0...45,0

Temneparypa ocaxnaenus, T K 303...343

IT10THOCTH TOKA, 1 Aldm? 3,0...7,0

[ToKpBITHS, TONYYCHHBIE W3 DJJCKTPOJIMTOB C PA3IUYHONH KOHIICHTpAIMEeH JUOKCHIA
KpEeMHUS, TIpU TEeMIlepaTypax U IUIOTHOCTAX Toka B 3%-HoM pactBope NaCl. Jlo ucnbiTanus
o0pasmpl MPpeABAPUTEIHFHO 00E3KUPUBAIU, TMPOMBIBATN JAUCTHJLIMPOBAHHOW BOJOW 10 IOJIHOTO
cmauuBaHud. [locme 5 h KOppO3HMOHHBIX HCHBITAHWIA OOpa3Ibl BHICYIIMBAIM, YHNAaKOBBIBAIA B
(GUIBTpOBANIBHYIO OyMary, BBIIEPKUBAIM B dKCHUKATOPE C BJIArOomorjoTuresneM B TeueHue 1 h u
B3BEIIMBAIM HA AaHAIUTHYECKHMX Becax ¢ TouyHocThio a0 00,0001 g. OO6paboTKy pe3ynbTaToB
npoBoar o FOCT 9.506-87, 1 2.6 mokasarens Touroctd — E onpenensumm mo 'OCT 9.502-82

KoadduimeHT TpeHus: CKOIBKEHUS dTIEKTPOIUTUUECKUX TMOKPBITHIA OMpPENeNsiid COTTIacHO
cxeme, MpUBEICHHON B paboTe [3] u paccunThiBamu o GpopMmyiie:
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f L (1)
= = for ,
P g

rae FTp — cuiia TpeHus CKoNbKeHus; P — cuiia, ¢ KOTOPOU KOHTPTENO JaBUT Ha UCIIBITYEMYIO
MMOBEPXHOCTb.

IToprcTocTh BO MHOIOM ONpEEIseT KOPPO3UOHHYIO CTOMKOCTH NMOKphITHM. Ilopucrocts
OTIPEICIISIETCS CYMMapHOM O0OBEMOM BCeX IYyCTOT (TMOP) B MOKPHITHH, KaK CBS3aHHBIX, TAK U HE
CBSI3aHHBIX MEXIY COOOI.

TBEepIOCTh TMOKPBITUA HW3MEPSAIOTCA METOAOM CTaTHYECKOrO BIABIMBAHUS aJIMa3HOMU
MUpaMHUIIKK 1107 MasibiMu Harpy3kamu (ot 0,02 no 2 H) unu Tak Ha3pIBaeMbIM METOJOM H3MEpPEHUs
MHUKPOTBEPJOCTH C IIOMOILBIO TBEPAOMEPA.

1200
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= 400
=
200
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Puc. 1. BnusiHue mI0THOCTH TOKa HAa MUKPOTBEPAOCTh MOKPBHITUI MPHU pa3IMYHBIX TEMIIepaTypax

AHanu3  pe3ynpTaTOB  HMCCIEAOBAaHUS  IOKa3ajl, YTO HM3MEHEHHE TeMIepaTyphl
AJIEKTPOOCAXKICHUS HEOTHO3HAYHO BIMsIET Ha MUKpOTBep0cTh HaHO-KDIT Cr-SiO»-C.,
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IIWPOTEXHUYECKHUE PE3EPBHBIE HCTOYHUKHU TOKA HA OCHOBE MEJIM 1
AJIIOMHUHUA

Boaocxaan Cl., Cyaeiimenosa M.IIL., YmOerkanues K.A?., Anun6aes A.H'.

!Anmartunckuii Texnonorudeckuii YuusepcuteT, Kazaxcran, AIMaThl
?Kazaxckuii HanyoHanbHbli yHuBepcuTeT nMenu Asib-Dapabu, AMaThl
seryk_bolyshan@mail.ru

AHHOTANHUA
Pa3paboTansl MPOEKTBI M YCJIOBUS HCIONB30BaHUS B cdepe XUMHM ¥ DHEPreTHKH JJIS MOJYYCHHUS
MUPOTEXHUYECKUX PE3EPBHBIX UCTOYHUKOB TOKA HA OCHOBE MEJU U aJIFOMUHUSA.

bbeun nmpou3BeneHbl pacueThl TEPMHUYECKOTo OajaHca M (DU3UKO-XUMHYECKUX CBOHCTB MHPOTEXHUYECKHX
KOMITIO3UTOB Ha OCHOBE MEAU U AJIFOMUHUSL.

BBenenue

B nanHoe BpeMs MeTObl OJyUYEHUSI XUMUYECKUX U pe3epBHBIX UCTOUYHUKOB Toka (XUT un
PUT) ouenp akryanpHbl. B KazaxcraHe 4acTo HCHOJB3YIOTCS HCTOYHHMKH TOKA, COJEpIKallue
BBICOKOE KOJMYECTBO METAJlIa U U3TOTOBJIEHHBIE U3 O€3BOJHOIO JIEKTPOJIUTA, B COCTaBE KOTOPOIO
UMEIOTCS JIUTUH U APYTHe aKTUBHbIE METaJUIbI (CBUHEL], KaJIMUH, INHK, HUKEJb, MapraHell, pTyTh U
1.4.). Ilpu wusroronenun XUT ynenstoTcss BHUMaHHS 3IEKTPOXUMUYECKYIO 3()(PEKTUBHOCTDH
MaTepuajoB, TO €CTb JJIEKTPOEMKOCTb W IOTEHLHANI XMMHUYECKOW peakuuu. Ilosromy, B memsax
oOHOBieHU pabounx 3ekTpoaoB XUT MOXHO yBenMuHUTh PabOTy M KAayeCTBO XMMHUYECKUX
UCTOYHHUKOB TOKa IyTeM J00aBlIE€HUS MHUPOTEXHUYECKHUX COCTaBOB. EcCiAM 3IIEKTPOJIUTHI,
MIOJIyYE€HHBIE U3 CEPHOI KUCIIOTHI, OYIyT NCIOJIB30BaHbl B KaUYECTBE XUMUYECKOT0 HCTOUHHKA TOKA,
pe3epBHBIC HCTOYHUKHU TOKA OCTAIOTCS B TBEPAOM cocTostu [1-3].

JloGaBieHust coequHEHM Kene3a, Meu, alllOMUHUS, IMHKA, MarHusi B MUPOTEXHUYECKYIO
CMECh SBISIOTCS OJHUM M3 OCHOBHBIX YCJIOBUHM M3TOTOBJIEHUS DPE3EPBHBIX HCTOYHHMKOB TOKA.
[ToaTOMY, MOKHO HMPEATONIOKHUTH YTO, PE3EPBHBIE HCTOYHUKHA TOKA Ha OCHOBE MEAU U AJFOMUHUS
OyayT MepCcreKTUBHBIM HalpaBJIeHUEM MOJyYeHHUs HCTOYHUKOB SHEPTUH.

B cBs31 BBICOKOH 3JIEKTPOIIPOBOIHOCTH MEIU CPEIU BCEX METaIOB, OH cocTaBiseT 60 %
JHEpPreTuKku B mupe. M3-3a kpaCHOM OKpacku 3J€MEHTa MEAM OH COXPaHSAET CBOE CBOWCTBO IIOJ
BO3JICHICTBUEM COJIHEYHOTO cBeTa. B naHHOI paboTe paccMOTpeHbl MONYYEHUS PEe3epBHBIX

HCTOYHHUKOB TOKa Ha OCHOBC MCIU U AJIOMHHUA U HU3YUCHBI UX (bI/I3I/IKO-XI/IMI/I‘{eCI(I/Ie CBOMCTBa
[4.5].

JKCNepUMEHTAJIbHAA YaCTh

VYcraHOBKa, NpeiHa3HAuYEHHas AJs MOJIY4YEHMs] PE3EpPBHBIX MCTOYHMKOB TOKAa HAa OCHOBE
MUPOTEXHUYECKUX COCTaBOB (pUCYHOK 1). BHyTpu kBapueBoil TpyObl pacrosioKeHbl 00paslibl
MIUPOTEXHUUYECKUX PE3EPBHBIX MCTOYHUKOB TOKAa. C TIOMOIIBIO BOJIBTAMIIEPUMETPUUYECKOM
YCTAaHOBKH OTpEJeNseM XapaKTePUCTUKH MUPOTEXHUYECKUX PE3EPBHBIX HCTOUYHUKOB TOKA.
AproHoBelli ra3 HUCIOJB3YETCS B BHJE HHEPTHOM cpeabl UId CaMOBO3IOpaHHWs IIpU Harpese
COCTaBOB MUPOTEXHUUECKUX PE3EPBHBIX HCTOYHUKOB TOKA.
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BOTTMETD I|
. AMITEPMETP
i IIPTK
PearTop
Aprouraz
Tepmoperynsatop
L |

Pucynok 1 — Cxema ycTaHOBKHU IOJy4€HUSI TUPOTEXHUYECKUX PE3EPBHBIX HCTOUHUKOB TOKA
Hcnons3yroTess pa3Hble CTEXMOMETPUYECKHE COOTHOLIEHUS PEAreHTOB IUPOTEXHUYECKHUX
pE3epBHBIX HCTOYHUKOB TOKa. Hipke mO pesynbTraTaM SKCIIEPUMEHTOB IOKa3aHbl 00pa3libl,

MOJYYCHHBIC TTPU PAa3HBIX COOTHOIIEHHIX crcteM PbF2/LiF/Cu u PbF2/LiF/Al.

Tabnuna 1 — O6pasibl, HOIyYeHHbIE IPU Pa3HbIX COOTHOLIEHUIX cuctembl PbF2/LiF/Cu.

OxcnepumenT | CoctaB v MaccoBasi 1075, %

PbF2 Cu LiF
1 61 22 17
2 59 22 19
3 57 22 21

Tabauma 2 — O0pasifsl, NOTyYSHHbBIC IPU PA3HBIX COOTHOMICHUsIX cucteMbl PbF2/LiF/Al

OxcnepumenT | CoctaB 1 MaccoBasi 107151, %
PbF Al LiF
1 82 9 9
2 84 9 7
3 86 9 5

O6H_[I/IC YpaBHCHUA DJJICKTPOXUMHUYCCKUX OKHCIIUTCIBbHO-BOCCTAHOBUTCIIBHBIX PCAKIHU,
IMPOTCKAOIIUX B CUCTEMCE:

3PbF,+ 2A1 —3Pb + 2AlF3 Q)
PbF; + Cu—Pb + CuF:

PbF, + 2e — Pb? + 2F

Cu + 2F- — CuF2 + 2e

st onpenenenus (HU3NKO-XUMHUYECKHX CBOMCTB MUPOTEXHHUYECKUX HCTOYHHUKOB TOKA TIO
JTAHHBIM BOJIbTAMIIEPUYECKON YCTAaHOBKH MakcUMaibHOE 3HaueHue Toka 0,48 A, nns mopoinka
meau 0,98B, mist 3epaucroit menu cocraBmiio 0,47 A u 0,87 B. Takas pa3zHuiia cBs3aHa ¢ OOJIbIION
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IMOBCPXHOCTBIO MCOU. OTO MOXKET IMPpUBCCTH K MHUHUMAJILHOMY 3HAYCHUIO COIIPOTUBJIICHHUA U
COOTBETCTBCHHO JJICKTPOXHUMHUUYCCKAA PEAKIUA MOXET OBITH CTAOMJIbHA.

Tabmuma 3 — MakcumaibHble 3HAYEHUs HamNpsDKeHHsT U anekTpudeckoro Ttoka [TPUT nHa
OCHOBE MEJIH.

DKCIIEPUMEHT Imax, A Umax, B
Cu (rpanyina) 0,45 0,88
Cu( rpanyna ) 0,47 0,87
Cu (mopomiok) 0,48 0,98
Cu (moponiok) 0,47 0,99

Ha ocHoBe skcnepuMeHTaIbHBIX JaHHBIX PAOOTHI ObLI MPOBEAEH CPABHUTENbHBIN aHAIN3.
CpaBHWIM TOKA U HANIPSDKEHUS Pa3IMYHBIX CUCTEM HA OCHOBE IOPOLIKA U TPaHyJsIbl MEAH.

3akiro4enue

Bynyt u3y4eHbl JBYXCIOWHBIE TaTbBAHUYECKHE 3JIEMEHTHI MUPOTEXHUYECKUX MaTEepPHAaIOB
Ha OCHOBE aJIFOMHHUS I MEJIY U TEXHUYECKUE CIIOCOOBI X MOJATOTOBKH.

Bbu10 onpeneneHo BAMSHAS pa3MEpOB MeIU Ha BOJIbTAMIIEPUMETPUYECKHE XapaKTEPUCTHKU
[TPUT. Ilo pe3ynpTaToM SKCIEPUMEHTa OBLIO YCTAHOBICHO, YTO 110 CPABHEHHUIO C ME/IBIO Pa3MEpOM
50-60 MKkM wucnonp3oBaHHE Menu pasmepoM 60 MKM yBEITMYMBACT TPOJODKUTEIBHOCTH U
CTaOMIIBHOCTH PaOOTHI.
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H-AJIKAHJIAPIBI IEOJUT KYPAM/IbI KATAJIM3ATOPJIA OHJEY

YceraeBa C.T., bekbocbinoBa b.E., OmapoBa A.A.
On-(apabu aTBIHAAFHI Ka3aK YITTHIK YHHBEPCHTETI
altai_sabina@mail.ru

MyHaii-ra3 eHIipyIiH TaOUFH OpTara TUTI3ETIH 3USHIBI dCEpIepiH a3ailTy, OYTiHr1 KYHHIH
©3eKTI Maceneci. OneM OOWBIHIIA aBTOKOJIK CaHBIHBIH apTybl, TU3€lb >KaHapMaiblHA JereH
cypaHbICThl apTThipyaa. COHIBIKTaH Jja KOpIIaraH OpTara aBTOKOJIKTEH OOJIHTEH Jiac ra3iapablH
MOJIIIIEPiH a3aiTy YIIiH, )KaHapMail carachklH T€3 apaja >KaKcapTy/Abl FausiMaap Koira amyna. Ocel
Macesere 0alIaHbICThI 9JIeM OOMBIHIIIA OPTYPJIi CTAaHAAPTTAP SHT13UIII.

Kazipri ke3me nyHHE XY3iHIH MYHall OHIIPICIHAE >XKEHIUT MyHall KOpPBIHBIH a3 KaJlyblHa
0aiiTaHBICTHI, aybIp MYHAM Kol eHaipinyae. MyHaiiabl Ker Meliiepae oHAIpY YIIiH 6T€ MaHbI3/IbI
YAepic KPEeKUHT yaepici O0IbIT TaObLIAIBI.

Kpekunrtig OipHemie Typi 6ap. TepMHsIIBIK KPEKUHT alllblK TYCTI MyHaill eHIMJIEpIH aiy
yuin xorapsl Temneparypa (470 — 500°C) men kpicbimza (5 — 6 Mlla) ereni. Mynna 25 — 40%
OCH3MH aJIbIHAJIBI, OHBIH OKTaH caHbl ToMeH (56 — 60). KykipTTi, maibIpisl, xorapbl mapaduHmi
MYHaii/1la TEpMUSIIBIK KPEKHHI ©HIMHIH canachkl ToMeH 0oianbl. OKTaH caHbl a3, ajl KEPOCUH JKOHE
JU3erb JKaHap MalbIHAa KYKIpT Kem, ayblp Kanasiktap 30 — 40% O6onanbl. COHIBIKTaH OCHI Ke37e
KoOlHE KaTaJdu3[iK KPEeKUHI KOJJaHbUIaJIbl. Bys omicTe Typial KaTaau3aTopiap KOJAaHbUIAJBL,
yaepic 0,1 MIla-ra neitinri kpicbivaa, 400-500 °C temneparypaza xyprizineai. MyHaiinel, ocipece,
KEPOCHUH MEH Ta30illib (PpaKkiusiapblH KaTaIU3IK KPEKUHT apKbUlbl oHjaew 1. OchiHAal 9/iCTIeH
oktaH canbl 80 — 90 GonareiH O6eH3uH amyra 6omansl. Keneci kecrene terpaaekannslH La-Zn-Co/
Al203+ZSM Kkatanu3aTopblH/Ia alHATY MPOIECTEPIHIH TeMIIepaTypara TOyeIIir KepceTiireH

Ownimaep, % 350°C 400°C 450°C 500°C
> Tapadunnep 30,9 12,9 10,5 9,2
> W30-amkanmap 17,3 18,6 22,3 26,8

> Onedunnep 13,4 15,8 12,7 17,2

> ApoMaTThl 7,9 8,5 9,0 11,3

KOMIPCYTEKTED
> MyHaii 3,9 6,6 7,6 9,0
KOMIpCYTeKTepi
OnjgenMerex 26,6 37,6 37,9 26,5
(TeTpanekan)

Kounsepcus 73,4 62,4 62,1 734
OKTaH caHbl 3epTTYIIIL 87,8 100,9 91,2 90,4
onic OOMBIHIIIA
OKTaH caHbl MaTOPJIbI 74,5 77,8 66,4 79,1
onic OOMBIHIIIA

CyiibiK a3aHbIH 80,0 73,3 66,0 60,0
IBIFYBI

Eckepry - P=0,1MIlIa, V=1,5q}
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MoanunupneHren neoMUTKYpaMIsl KaTaau3aTopiiapAsl eHAereHae Oip Mes3riiae >koHe
KarapJac OipHeIe peakiusiap Kype/i: KpeKHHT, AeTUAPICY, H30MEepU3aIHs, TEeTHIPOLIUKIN3AIINS,
AIKUJIMPOBAHUE.

CuHTe3enreH KaTalu3aTOPAbIH AKTUBTI OpPTAIBIKTAPBIHBIH TAaOUFAThl, KYHl  JKoHE

KYPBUIBIMBI (PH3HKA — XUMUSUIBIK (JIEKTPOH bl MUKPOCKOTHs, HH(PaKbI3bL1 criekTpockomusi, BOT)
O/IiCTePMEH 3ePTTEI/I.

-  _ _ _____________________________________________________________________|
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KOJBMATAIIMOHHO-CY®®PO3UOHHBIE ®PUJIBTPYIOIUE MOJAEJIN
JAUCIIEPCHBIX CUCTEM

Kakpimoait A.H.,Ceiinin M.K.,CanaroBa A.K.,.Xam3una b.C.

Kazaxckuit HaunonansHeiii Yausepcuret uMm. Anb-®apabu, Anmarsr,Kazaxcran
madina seidyn@mail.ru

[Tpu ¢unbTpanuu >KUAKOCTH, COIEpIKAIEH TBEpAbIE CYCIIEH3WH, NMPOUCXOAUT HU3MEHEHUE
OCHOBHBIX (PM3NYECKUX CBOICTB MOPUCTOM CpeJlbl: MOPUCTOCTH, MPOHUIIAEMOCTH, OOBEMHOIO Beca
U T. 1. Takvie I3MEHEHHS HA3BIBAIOTCS (DMIIBTPAIMOHHON Jeopmanueii mouBkI (3eMITH ).

K nedopmanuu ¢uiabTpanuu OTHOCSTCS KOJIbMATaIUsl TOYBBI, BBIXOJ MENKHUX YacTHUI[ U3
nopuctol  cpeapl U ap.@PuibTpyromue  AepopManMM  pa3iMyaloT  HEPAaBHOMEPHYIO U
HepaBHOMepHYI0. [lon paBHOMepHO# punpTpannoHHoN aedopmanmeld moHnMaercs nedopmanus,
IpU KOTOPOH TMomepedHoe cedeHne (WIbTpa H3MEHSETCS O BPEMEHH, HO HEU3MEHHO I10
koopauHataMm. [lpu HepaBHOMepHOW (UIBTPALMOHHOW AeQopMali IONEPEUYHOEe CEUYCHHE
GbuIbTpanuy U3MEHSIETCSl KaK 10 BpeMEHH, TakK U 1o JuinHe. B kadecTBe nedopmariin paBHOMEPHOI
buIbTpauu MOXHO CUHUTATh COCTOsiHME "yucToi" cyddo3uu, mpu 3TOM MO IJIHHE Iy04aToro
KaHajia pa3pbIBAlOTCS MEJIKHE YacTULbl, HE OTCTauBas, (QUIBTPYIOLUIUM TEYEHHEM BBIXOJAT 3a
Ipeneiasl  paccMaTpuBacMOW  TEPPUTOpUM TOpPUCTOM  cpenpl. IIpumepoMm HepaBHOMEpHOU
¢uIbTpaMOHHON NedopMallid MOKHO CUMTaTh cocTosiHue cyddosuu, B mporecce GuiIbTpaluu
KOTOpOM IpPEPBHIBAIOTCSA MEJIKHE YacTULbI, U CTEIEHb HAIOJHEHUS MOPUCTOTO pyclla U3MEHSETCS
KaK [0 BPEMEHM, TaK U [0 KOOOPAMUHATY. 3a/ie]Ka MOPUCTOro MPOCTPAHCTBA YaCTUI[aMH ITpUMecen
U OCBOOOXKJIEHHE OT HMX MMEIOT 3HaueHHe B TEXHHKE M TEXHOJOI'MHU IPOIIECCOB, OCHOBAHHOW Ha
(GuIbTpaUU TUCIIEPCHBIX CUCTEM.

Crenyromeil 30H0M, ncnonb3yrouiel mpouece GUAbTPALMU JUCIIEPCHBIX CUCTEM, SIBIISETCS
THIPOTEXHUKA,MEIMopalluss M OXpaHa oOKpyxkaromeil cpeabl. EcTh Hekoropble paboThl,
HOCBSIIIEHHbIe 3TOM Teme [22-31]. 3mech mpolece KONbMaTaluy MPEAIoiaraeT MOJ0KUTEIbHOE
BJIMSIHUE Ha OJJHU U T€ e IMPOLECChl, Ha Apyrue — oTpuuarenbHoe BiusHue. Kpome Toro, nporecc
cydho3um, TO €CTh BBIXOJ YACTHUI] U3 CPEIHUX MOPUCTOCTEH (MIBTPALMOHHBIM ITOTOKOM, UMEET
00JIbI1I0€ 3HAYECHUE JJI1 MHOTUX TEXHUUECKUX MPUITOKEHHH.

VYpaBHeHue OanaHca BelIeCTBa MpPHU JBM)KEHUHM JKUIKOCTH, COJEpKalled dYacTHIBI B
MOPHUCTON cpene BhIBeleHO B pabdote [32]. [Ipm paBeHCTBE MECTHOTO M3MEHEHHS KOHIICHTPAIMH
TBEPABIX YACTHII B )KUIKOCTH BO BPEMEHU-YUUTHIBAsI, YTO AU Y3UOHHBIE SIBICHUS HE YYTCHBI,

0 oc
P_ =, (1.1)
ot OX
rj:(e:p — TIINIOTHOCTHh HACBIIICHUA 3arpy3KH 0CaaKOM, COGpaHHLIM B CIUHUIIC O6T>CM3.

AIIEMEHTAPHOTO CJIOS 3arPy3KH Ha TO BPEMS,V — CKOPOCTH (DHIIBTPAIIHH.
B nononnenue k (1.1) paccMarpuBaeTcsi HHTEHCUBHOCTb MPOIIECCOB KOJIbMAaTAIUU U cyPho3uu:

oc a

——=hc—-—p, (1.2)
OX '

rae: @, b — IapaMeTpsl.

(1.1), (1.2) npunumaeTcs cienyrouiee ypaBHeHHE:
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¢ L a% iy (L3)
OXot OX ot

WJIM B aHAJIOI'OBOM BUJC:

2
a—p+a6—’0+b8—p:0.

oxot  OX ot
c(t0)=c,, c(0,x)=c,exp(—bx) B porosope (1.3) uHTErpanbHO NPUHUMAETCA

CICOAYIOUIEC PCIICHUC, rae. CO - YCTOﬁqHBaﬂ KOHIICHTpausd
w bX n-1
c(t,x) = coeble re™,

S (n-1)

rae. Tn at zasucumas (1)YHKI_II/IH, KOTOpasa onpeAcsIsaCTCda CJICAYIOININM Bpra)KCHI/IeM:

a,t n-2
T =T _L Tl :eat.

n n-1 !
(n=2)!

Kak ycranoBieno B pabote [2], (1.1) He yuuTHIBAaCT HU3MEHEHHUS XapaKTEPUCTHK
bUIBTpaIUK, KOTOPBIE IPOUCXOIAT 3a CUET U3MEHEHHUs Mojenu. Kpome Toro, mpemnonaraercs, 4ro
CKOPOCTh (PUIIBTpALlMU HE MOBJIHIET Ha 3aJep>KaHue 4acTHUll, HO 3Ta (HOPMYIUPOBKA HEJOCTATOUHO
JI0Ka3aHa.

JIuteparypsbl:
1. XyxaépoB b.X. Moxaenr MHOTOKOMIOHEHTHOW  KOJbMaTallMOHHO-CY(h(HO3nOHHON
bunbrpanuu // Urxk.-puz. kxypHar. 1994. T. 66, Ne 4, C.427-433.
2. M36am C.B. DkcnepuMeHTalbHbIE HCCIEAOBaHUS (WIBTPALMOHHBIX AedopMaiuii AByx
CMEXHBIX pa3HOPOAHbIX cioeB rpyHTa // U3B. HUUI, 1934, Nel4.
N36am C.B. ®dunbrpannonssie gegopmanuu rpynra // U3s. HUATL, 1996, Ne10,C.28-32.
Muny [I.M. @unbsTpanys MOJOKOLIEHTPUPOBAHHBIX BOAHBIX CYCIICH3UI 4Yepe3 3€pPHUCTHIC
cioun. Hayu.tp. Akaa. kommyH. xo03. uM. K./[.ITam¢unosa, Beim. 2-3, 1951.
5. extman IO.M. ®unbTpumsiMoiokoueHTpupoBaHHbIX cycnensuil. M.: M3n. AH CCCP.
1961.C.212.
6. XyxaépoB b.X. Mogens QunbTpanmu CycneH3WH, y4HTHBamomas cypdo3un U
KosbMaTanuo // B cO. «MaremaTHueCcKue MOJEIM W YUCIEHHBIE METO/bl HEeIHHEHHBIX
konebanuii», Tp. CamI'Y. 1990. C.78-81.
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IJEKTPOHOMHUKPOCKOIIMYECKHUE UCCIIEJOBAHUA
HAHOKOMIIO3NINOHHBIX SJIEKTPOJIUTUYECKHUX TIOKPBITUU HA OCHOBE
XPOMA

Abnmupasak Cyxpa0, I'.I1l. AAp-MyxamenoBa

OcCHOBHBIM TpeOOBaHHEM ISl MPOJUIEHHS CPOKa CIIyKObI JeTaneil MamuH W HpuOOpoB, paboTarommx B
YCIIOBUSIX MYJIbTHIUIEKCHPOBAHHMS, SIBISIETCS MOTyYEHHE MaTEPHAIOB C BBICOKOH TBEPIOCTHIO TOBEPXHOCTH.

[ToronHeHWe 3THX CBOMCTB BO3MOXKHO 3a CUeT 00Opa3oBaHMs H3HOCOCTOMKUX CJIOEB Ha
MOBEPXHOCTU MOBEPXHOCTU. OJHUM U3 MEPCIEKTUBHBIX CIIOCOOOB MOBBIIICHUS W3HOCOCTOWKOCTH
SBJISICTCS HCIOJb30BAaHUE HIIEKTPOXUMHUYECKUX TOKPBITHH. IIOKpBITHS, KOTOpBIE COCTOST U3
MeTalljla M Ppa3IMYHbIX KOMIIOHEHTOB W3 pa3JIMYHbIX BEIIECTB, 3HAUUTEJIBHO YJIyd4llaT
MEXaHUYECKHE U KOPPO3HOHHBIE CBOMCTBA UCIIOJIb3YEMBIX MPOYKTOB 0€3 N3MEHEHMsI UX BHEIIHEH
¢dopMBI. DTH KayecTBa CO3JAIOT NPEANOCHUIKH JJISi UX HCIIOJIB30BAHMS B PA3IMYHBIX OTPACIAX
npomblieHHOCTH. C  pyrodl CTOpOHbBI, B OOJBIIMHCTBE 3JIEKTPOXUMHUYECKHUX IOKPBITHHA
CYLIECTBYET MpoOjieMa aare3ud K METAJUIMYECKOMY HpPOAYKTY, YTO OrpaHMYMBAET O0BEM HX
UCMOJb30BaHUsA. OCHOBHBIM CIOCOOOM TOBBIIICHHS AAre3Ud MeTajula K MeTaljaM HOKpBITHS
SBJIIETCS CO3/IaHNE NEPEXOIHBIX AU(PPY3NOHHBIX CIOEB.

OTn HaHOMAaTEpHaJbl B OCHOBHOM MCIOJB3YIOTCS AJIS MPEJOTBPAIIECHUs KOPPO3UU JeTaleh
MalIlH, TaK KaK OHU OY€Hb YCTOMYUBBI K KOPPO3HH.

Meton COM sBasiercss Hanbosee ONTUMaIbHBIM METO/I0M HaHECEHUS AJIEKTPOIUTHYECKOTO
MOKPBITHSI.

B paszmene, MOCBsIIEHHOM JHMTEPATypHOMY 0030py, OH O3HAKOMHUTCS C OCHOBHBIMU
CBOMCTBaMM, CTPYKTYPOM U UCIOIb30BaHUEM 3TOr0 HaHOMaTepuaia. OCHOBHas aKTyaJIbHOCTh 3TOMN
JMCCEePTAlMOHHOW paboThl 3aKIKOYaeTcss B TOM, YTO OHA OYEHb JKeJaTelabHa I JeTanei
o0opynoBaHus, U OHa oueHb A (HEeKTUBHA U AOCTyIHA /uid noucka. [loaTomy B Oyayiiem s 1ymaro,
YTO BaXXHOCTh 3TOr0 HaHOMaTepHaja Bo3pacTeT U OyaeT BocTpeOoBaHa. BaKHOCTH 3allMTHBIX
rajlbBAHUYECKUX TOKPBITUN MPEAOIpeesieT IOUCK HOBBIX CIIOCOO0OB UX MOJYYEHUS U YIIydIICHUS
ux cBoWcTB. OAHMM M3 TakuX SBISETCS CHOCOO TIONYyYEHHUS TallbBAaHUUYECKUX MOKPBITUH C
BKJIFOUEHHBIMHM B HUX MHOPOJHBIMU YacTUIAMH Jpyroi ¢asel. I1o coBpeMeHHBIM MpeaCTaBIECHUIM
TaKue MOKPBITHS MOXKHO KBaTM(PUIMPOBATh KaK KOMIIO3UIIMOHHbIE SJIEKTPOXUMHUUECKUE MOKPHITUS
(K3II), xoTopbIM B OOJbIIEH WM MEHBIIEH CTETIEHU CBOMCTBEHHBI OOIIME YEPThI: CYIIECTBEHHOE
YBEJIIMUEHUE AAr€3UN U KO-T€3MH, BO3MOXKHOE MOBBIIIEHHNE MUKPOTBEPAOCTH M M3HOCOCTOMKOCTH,
YMEHbIIIEHUE MOPUCTOCTH, IMOBBIIIEHUE AHTHUKOPPO3HMOHHBIX CBOMICTB. B KauecTBe aucrnepcHoi
(a3bl ¢ LEeNbI0 MOBBIIICHUS UX MEXaHWYECKHX CBOWCTB M KOPPO3MOHHOM CTOMKOCTH, MPUMEHSIOT
camble pa3HOOOpa3HbIe AUCIEPCHBIE MaTepHallbl: OOPHIbI, OKCU/IbI, HUTPUIBI, KapOUIbl, CUIIUIIUIbI
u ap. Ilpu sToM dopma dacTHIl MOXKET OBITh TaK)Ke Pa3HOOOPA3HOM: chepruuecKoil, MHOrOTpaHHOM,
CJIONCTOM M HUTEBUIHOM .

Hanoanmas B HacTosiliee BpeMsi paccMaTpUBAaeTCs Kak IEpPCINEeKTUBHBIA Marepuan ajis
HAIlOJIHEHUS! M YINPOYHEHHS METAJUIMYeCKOM MaTpullbl B KOMIO3UIIMOHHBIX TIajbBaHUYECKHX
noKpbITUsAX. Hanoanmmasel 0071a1al0T KOMIUIEKCOM YHUKAIbHBIX CBOMCTB, OTJIMYAIONIUX WX OT
M3BECTHBIX HAITOJHHUTENICH, UMEIOT OOJIBIIYIO yIETbHYIO MOBEPXHOCTH (10 450 M2/T), cBepXMabie
pasmepsl (4—6 HM), popMy OIM3KYI0 K OBATBHOM MK c(hepUUYECKYIO M BBICOKYIO TTOBEPXHOCTHYIO
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sHepruro. YacTuipl HaHOAIMa3a MMEIOT CIOXKHYIO CTPYKTYpPY: s/ipo (~4 HM) M3 KJIACCHMYECKOTO
KyOMYecKOro ajamasa U yriepoaHy 000JI0YKY BOKPYT siipa U3 MEPEXOIHBIX PEHTTe-HOAMOP(PHBIX
cTpykTyp yrieponaa toiaumuHoid 0.4—1 vm (momyueno O. Illenneposoit, CIIA). CnenuanbHas
MOTU(UKAIMS TTIOBEPXHOCTH OYMIICHHBIX HAHOAIMAa30B M BBEICHHE HMX B JJICKTPOJUT B BUJIC
BOJIHOM CYCIIEH3MH IMO3BOJISIOT CO3/IaTh YCTONYMBBIE BBICOKOMCIIEPCHBIE CYCIIEH3UU JaKe B Cpelie
CHJIBHBIX AJIEKTPOJIUTOB. HaX0oKIeHHI0O HaHOAIMAa30B BO B3BEIICHHOM COCTOSHHH CHOCOOCTBYIOT
ra30BBIACIICHHUC U TCIUIOBAs KOHBCKIHMA B IMIPOLECCE MOTYUCHUA METAJIII-AJIMA3HBIX KO3II.

[lenpto maHHOW pabOTHI SBISUIOCH W3YYEHHE MPOIIECCOB OOPa30BaHUS KOMITO3HIITMOHHBIX
HOKpLITI/If/'I XpomMa C HaHOaJIMa3aMH, BIIMAHUA Ha KaUCCTBO HOKpBITI/If/'I HaHO4YaCTHUI1l ajJiMa3a, a TAKXC
W3YyYCHHE CBOWCTB IOKPBITHH, BIUIOTH IO CiIydas IOJYYEHHsI TOJIBKO AJIMa3HOTO TMOKPBITUS
(ruteHkm) 6€3 Xxpoma.
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CREATION OF SORBENTS FOR PURIFICATION OF WATER FROM OIL
POLLUTIONS

L2Nurgain A., 12Akbayeva N.T., ' 2Nazhipkyzy M., 2Seitkazinova A.R., 3Alfe M.

Mucruryt [Mpobnem Iopenus, Borenbait Batwipa 172, Anmarel, Kazaxcran
2Kazaxckuii HAlIMOHANBLHBIN YHUBEpcUTeT UM. anb-Dapabdu, 050040 np. anp-Papabu, 71
SIstituto di Ricerche sulla Combustione-CNR, Napoli, Italy
nurgain93@mail.ru

The current scale of production, transportation and processing of oil and gas, the widespread use
of products of their processing in various industries determines the appearance of massive sources of
environmental pollution [1-3].

Now in the world about two hundred different sorbents are produced or used to eliminate oil
spills, which are divided into inorganic, natural organic and organomineral, as well as synthetic ones [4].
The quality of sorbents is determined mainly by their capacity in relation to oil, degree of
hydrophobicity, buoyancy after oil sorption, the possibility of oil desorption, regeneration or utilization
of the sorbent. The use of sorbents can be combined with mechanical methods of oil collection.
Moreover, mechanical methods can be used both before and after the use of sorbents that fix oil and
prevent the formation of emulsions [5].

Inorganic sorbents include clays of various types, diatomaceous rocks (mainly loose diatomite -
kieselguhr), sand, zeolites, tuffs, pumice, etc. It is clay and diatomites that make up the bulk of the
product on the sorbent market due to their low cost and the possibility of large-scale production. This
also includes sand used to backfill small spills of oil and oil products. However, the use of inorganic
sorbents is ineffective from the point of view of environmental criteria. First of all, they have a very low
capacity (70-150% in oil and do not hold light fractions such as gasoline, kerosene, diesel fuel). When
liquidating oil spills on water, inorganic sorbents sink with oil, without solving the problem of purifying
water from pollution. Finally, practically the only methods for utilization of these sorbents are their
washing with extractants or water with surfactants, as well as burning.

Natural organic and organomineral sorbent is the most promising for the elimination of oil
pollution. Most often, wood chips and sawdust, modified peat, dried grain products, wool, and waste
paper are used. One of the best natural sorbents comparable in its oil intensity to modified peat is wool.
One kilogram of wool can absorb up to 8-10 kg of oil, while the natural elasticity of the wool allows you
to squeeze most of the light oil fractions. Unfortunately, after several such wringes, the wool is saturated
with bitumen and becomes unsuitable for further use.

For humans, water has an important production value: it is a transport route, and a source of
energy, and raw materials for producing products, and an engine cooler, and a purifier, etc. The problem
of maintaining water quality is currently the most urgent. Thus, preparation of sorbents does not lose its
relevance.

In this work, soot having hydrophobic properties containing iron nanoparticles such as
cobalt, nickel, and iron was synthesized. A feature of synthesized soot is that metal nanoparticles
bind a nanosized carbon layer, which prevents their aggregation and oxidation in air. Particle sizes
range from 30 to 80 nm.

The soot obtained is proposed to be used for sorption of residual oil products on the surface
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of water resources, which pollute the environment and damage the environment.
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SORBENTS BASED ON DIATOMITE

12Nazhipkyzy M., 1Nurgain A., 1?Turganbay A., 1?Zhaparova A.A., 2lzdik N., Alfe M.
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2Al - Farabi Kazakh National University, Kazakhstan, Almaty, Ave. al - Farabi, 71
3Istituto di Ricerche sulla Combustione-CNR, Napoli, Italy

Introduction

Water makes up most of any organisms, both plant and animal, in particular, in humans, it
accounts for 60-80% of body weight. Water is the habitat of many organisms, determines the
climate and weather changes, helps cleanse the atmosphere of harmful substances, dissolves,
leaches rocks and minerals and transports them from one place to another, etc. For a person, water
has an important production value: it is a transport route, an energy source, raw materials for
producing products, an engine cooler, a purifier, etc.

Lead is one of the main environmental pollutants that is harmful to the nervous system, liver
and brain [1]. Lead is found in waste from various industries, such as battery production, printing,
dye production, ceramic and glass production, ammunition production and mining tails [2].
Therefore, the removal of lead ions from wastewater is very important in terms of defensive the
environment and public health. Several methods were used to remove lead ions from wastewater
[3], including chemical deposition, ultrafiltration, reverse osmaosis, electrodialysis, ion exchange,
flotation, and adsorption. The adsorption process is universally taken into account to remove metal
ions due to its simplicity, moderate operating conditions, and economic feasibility [3-5]. So, the
purification of water from heavy metal ions is an important process for human life, and the creating
of new types of sorbents for the removal of heavy metals from water is still relevant. There are
various methods for preparing samples of nanostructured materials: sol-gel process, electro-spark
dispersion, and electric explosion. The choice of the method for preparation nanoparticles depend
on the physical and chemical characteristics which is necessary for the final product, such as size,
dispersion, chemical miscibility and its total cost. In work [6], it was considered the method of
electro-dispersion for preparation of nanostructured materials, for the aim of their further
application to create modified zeolites. The final nanostructured product can be applied in designing
a new filter system for water purification.

Nowadays modified nanostructured sorbents are broad used in water purification processes.
Thus, in work [6] zeolite samples from “Holinskoe” mineral deposit, which have a size smaller than
0.1 mm, have been modified with Al and Fe particles prepared using electro-spark dispersion. The
properties of the obtained modified sorbents has been tested by sorption test, when removing ions
Pb?*, Fe®* and Cd?" from the model solutions in static conditions. BET analysis shown that rising
the iron content in the samples of nanostructured modified sorbents does not impact the rize in
specific surface area and pore volume of the obtained sorbents. The concentrations of heavy metals
have been analyzed by stripping voltammetry and photocolorimetry. Obtained nanostructured
modified sorbents inferential a high performance of sorption of heavy metals [6].

Diatomite is a loose, naturally cemented porous and facilitated rock of sedimentary origin. It
is a variety of biological sedimentary minerals with abundant natural pores. It mainly consists of
SiO2 with small concentrations of impurities, including Fe2O3, CaO, MgO, and organics [7, 8]. Due
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to the ordered porous structure, large surface area, good chemical stability, excellent sorption ability
and low price, diatomite is widely used for adsorption of heavy metals and organic chemicals [9,
10].

The aim of this work is adsorption of Pb?* ions on natural diatomite.

The analysis of the results of adsorption of Pb?* ions on natural diatomite was performed.

The morphological features of the samples were studied on a Quanta 200i 3D scanning
electron microscope (SEM), FEI Company, USA, in the Open type nanotechnology laboratory at al-
Farabi Kazakh National University.

Thus, diatomite is special interest among natural sorption materials.

In this work, we analyze the results of the adsorption of Pb?" jons on natural diatomite
(crushed using a mortar), on natural diatomite (after mechanical activation), and on composite
materials based on diatomite and carbon nanotubes. It was found that the maximum degree of
removal of Pb?* ions from solutions with a concentration of 100 mg /I for diatomite (crushed with a
mortar) is 98 and 97%, with a mixing time of 30 and 120 minutes, respectively.
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B HacTosiiee Bpemsi altOMUHUEN U €ro CIUIaBbl HIMPOKO MCHOJIB3YIOTCS B IPOMBIIUIEHHOCTH
Omarosiapst CBOMM MHOTOYHCIICHHBIM JOCTOMHCTBAM: JIETKOCTH M IIPOCTOTE B 00pabOTKE, BHICOKOM
TEIJIO- W DIJIEKTPOIPOBOJHOCTH U OTHOCUTEIBHO HEBBICOKOW CTOMMOCTH. B uacTHOCTH, OHHM
LIMPOKO MCMOIB3YIOTCSI B AJIEKTPOTEXHUYECKONW MPOMBIIIIEHHOCTH JJIsi U3TOTOBJIEHMSI OOKJIalI0K
KOHJ/IGHCAaTOpOB U JieTaleil ans pasHbIX HIpuOopoB. OAHAKO, BO3MOYKHOCTH €r0 HCHOJIb30BAHUS
HECKOJIbKO OTrPaHMYMBAIOTCSI TEM, YTO OH IOABEPKEH KOPPO3UH B HEKOTOPHIX arpecCUBHBIX
cpenax.

Ota npobiemMa MOXKeT ObITh pelIeHa MYTEM CO3JaHMs Ha aJIOMUHUU 3allUTHOTO TOKPBITHS,
KOTOpPO€ JIOJKHO OBITh XMMHUYECKH WHEPTHBIM M JIOCTATOYHO IUIOTHBIM, YTOOBI MPENATCTBOBATh
IIPOHUKHOBEHHUIO arpeCCUBHOIO areHTa CKBO3b MaTepuai MOKPBITHUS K ATIOMUHHIO. DTO MO3BOJMT
paclipuTh 00NAaCTH NPUMEHEHHsS W3JeNUH W3  alIOMUHMS, YIYYLUIMTh MX HEKOTOpbIe
XapaKTEPUCTUKU U YBEIMUUTh CPOK UX CITYKOBI.

MOKHO NpPEANONOKUTh, YTO YIVIEPOJ SBJSETCS NMOAXOAAIIMM MaTepUaioM ISl CO3JaHus
3alIUTHBIX TOKPBITHM, TaK KaK OCHOBHBIE YIJIEpOJAHbIE MaTepuanbl (TpaduT U anMa3) XUMUYECKU
WHEPTHHI [P KOMHATHBIX TEMIIEPATypax.

CBolicTBa MOKPBITUS ONPEIEISIIOTCS HE TOJBKO €ro MarepuajioM, HO U B 3HAYMTEIbHOU
Mepe crnocoboM ero HaHeceHHsA. OcakaeHuEe MOKPBITUM B MarHeTpOHHOM paspsijie SBISETCS
XOpOILIO 3apEeKOMEHJO0BABIINM ce0s METOJIOM CO3/laHusl IUIOTHBIX M OJHOPOIHBIX TMOKPBITUH C
xopowei aare3uel. ['JTaBHBIMM NPEMMYIIECTBAMU MAarHETPOHHBIX CHCTEM SBIIIETCS BBICOKAs
CKOPOCTbh HAHECEHUS OKPBITUM U HU3KKE JaBJIeHMs pabodero rasa.

AIOMUHUEBBIE IUIEHKM IIMPOKO HCIOJB3YIOTCS B KayeCTBE 3AIUTHBIX IOKPBITUH Ui
KOMITOHEHT Pa3JIMYHBIX YCTPOWCTB Orarojapsi MX BBICOKOW XuMUYeckou yctoWumBoctu [1]. K
COXAJICHUIO, TOHKHE TIUICHKH OKa3bIBAIOTCSA MEXAaHWYECKH 3HAUUTENBHO OCIAa0JIeHHBIMU I10
CPaBHEHHUIO C COOTBETCTBYIOIINM OOBbEMHBIM MaTepuaioM. VX cylecTBEHHOro YKpEeIuieHus MOXKHO
JOCTHYb  IyTeM TPUMEHEHUs MOHOCIOWHOro rpadeHa—MaTepuala ¢  YHUKIbHBIMU
MIPOYHOCTHBIMU CBOWcTBaMU. ['padeH Takke MMEeT JTOBOJIbHO BBICOKYIO TEMIEpaTypy IJIaBICHUS
(~ 4900K) [2], 4uTo MO3BOJSAET HANESITHCS HA KMCIOJIb30BAHHE ATOMHHO-IPAQCHOBBIX MOKPBITHI
npu Ooyiee BBICOKMX TeMIlepaTypax, 4YeM [Js 4YHCTO alOMMHHMEBBIX TOKPBITUH, HMEIOIINX
temneparypy iasierus 933K. DkcnepuMeHTanbHO ObLUTO MOKAa3aHO HaJMuKe y rpadeHa BhICOKOM
MMOABMKHOCTH dJEKTPOHOB [3] M CBEpXBBICOKOW TeruionpoBoaHocty [4,5]. Hnsa ymydmeHus
TEIUIOBBIX CBOWCTB aJIIOMHMHHUEBBIX MOKPBITUH HCHOJIB30BATIUCH YIbTpaToHKUE TuieHKH AIN [6].
OpHako OHHM MOKa3aJd XMMHUYECKYI0 HECTOMKOCTh MO OTHOLIEHHIO K 0Opa3oBaHHUIO THIPOOKUCHU
amoMuHus B Bojie ipu 373K u no otHomeHuto k ¢popmuposanuto Al203 npu temneparype 1273K
B Bo3ayxe. Kpome Toro, mokpeitus mieHkoi AIN umenu B 4 pa3a OOJIBIIYIO IIEPOXOBATOCTh, YEM
nokpeiTus B Buae Al2O3. [IneHKH MOTYT PUMEHSATHCS KaK TOHKOIIJICHOYHBIE TIOKPBITHS, MEMOpPaHBI
Y UCTOJIb30BaHUS IJIs1 THOKOM 37eKTpOHUKHU. JMariekTpudyeckie CBONCTBA €CTECTBEHHBIM 00pa3oM
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OKHCJICHHOM TJICHKH aTIOMUHHUS Ha rpadeHe MO3BOJSIOT HCIOJB30BaTh €€ Ui HM3TOTOBJICHUS
AJIEKTPUYECKUX 3aTBOPOB [7].

OTO AENaeT €ro MHTEPECHbIM MAaTepUaJIOM Ui NPUMEHEHHUS B ONTO- U HAHORJIEKTPOHHUKE,
(GOTOHMKE U IS CO3JJaHUsI KOMITO3UTHBIX MaTepHaloB, IPOBOIAIIMX KPACOK U MOKPBITUH [2].

BonpmvHCTBO HMMEIOLMXCS METOAOB IIOJAYYEHHMS YIJIEPOAHBIX IUIEHOK CBSI3aHBl C
MexanudeckuM [1-3] wim xumuueckum [2] pacmieruieHreM TrpaduTa, a TakKe SMUTAKCHATBHBIM
poctoM rpadeHOBBIX IUIeHOK. OJIHAKO, 3TH METOJbl HE JAIOT BO3MOXKHOCTH IMONy4YeHHs rpadena
OO0JIBLIION TUIOLIA/IN U BBICOKOT'O KauecTBa.

3HAUUTENBHBIN MpOrpecc ObLI JOCTUTHYT HEJAaBHO C IIOMOIIbIO METOAA XUMHYECKOI'O
ocaxaenus: rpadena u3 ras3oBoit ¢asel (CVD-merom) Ha Ni-MOMIOKKY € MOCIEAYIOIIAM
IIEPEHECEHUEM €ro Ha MPOU3BOJBHYIO NOMIOKKY [3]. XOTS mOJydeHHbIE TakuM 00pazom
CIUIOIIHBIE TpadeHOBBIE IUICHKM HMEIOT OOJBLIYIO IUIOIAAb, MUKPOCKOIMYECKHM OHU HMMEIOT
3HAUUTEIbHBIH pa3dpoc MO TONIIMHE OT JeCATH J0 OnHOro rpadenoBoro cios [3].
CooTBeTCTBYIOIIME AOMEHbI OJHO- M JIBYCIOMHOr0 rpadeHa UMerT JaTepajbHble Pa3Mepbl BCETO
OKOJIO 5 MKM.

Ilenbto HacTosIIeN pabOThI ABISAIOTCS UCCIIEI0OBAHUS TapaMarHUTHBIX CBOMCTB IpadeHOBBIX
rpadeHCcoepIKaIINX MJICHOK HA TOJIOKKE M3 aTFOMHHHUS METOJOM CHEKTPOCKOIUHU JIEKTPOHHOTO
napamarHutHoro pesonanca (OIIP). OOpasupbl mosydand MyTeM BO3ACHCTBHS OpPraHHMYECKUX
pacTBopuTelied Ha TpadUTOBBIE CTPYKTYpPHl IS PACCIOCHHUS WX IIJIOCKOCTEM CHailHOCTH C
UCIIOJIb30BAHUEM YIIBTPAa3BYKOBOIO MoJisi [uisi ycuieHus: 3¢ dekra paccinoenus [8-9]. lomemanu
3Ty Maccy Ha pasmuysble TomIokkd (0,5 M?) M ¢ IIOMOIIBIO CIENHANbHOTO YCTPOHCTBA
pacrupeensau ee Mo IUIOMAAM 3TUX TMOJUIOKEK A0 TOJIIMHBI OT OJHOTO JI0 HECKOJIBKHX
rpadeHoBBIX cil0eB. B pe3ynpTaTe 3TOro BO3AEHCTBUA 00pa30OBBIBANUCH IpadeHcoepKaline
IUIEHKU Ha MOJJIOKKE U3 aTFOMUHUS.

W3mepeHuss mnapaMarHUTHBIX XapaKTEpUCTHK oOOpa3loB MNpoBoAWINCH MeroaoMm OIIP
CIIEKTPOCKOIIMM TP KOMHATHOM Temmeparype B arMocdepe Bo3ayxa Ha crekrpomerpe OIIP
¢upmer JOEL JES-FA200 B 3-x cM auama3oHe JUIMH BOJH. MakcUMaibHas YyBCTBUTEILHOCTh
criekTpoMeTpa coctapisia 5-10° cnun/o6pasen mpu 100 K[ MOAYAALME MATHUTHOTO TIOJIS.

B KkadecTBe pemepHOro oOpasia MCIONb30BamKMCh MOHBI Mn?* B MgO. Curman ot
uccieayeMoro o0pasiia 3anuchIBalICs MeXy 3-i U 4-ii KOMIIOHEHTON HIECTHIIMHEHYaTOro CreKTpa
oT Mn?*. O6pasen pasmepom 3X5 MM MOMeITaCs B aMITyTy U3 CHEIHATbHOTO CTEKIIA, HE TAIONIET0
curHasia OIIP. Ilpu BbIMOSHEHUH PE30HAHCHBIX YCIOBUN IyTeM H3MEHEHHsS MAarHUTHOTO MOJS B
OTpesieNIeHHBIX Tpenenax nosisisuics curHain OIIP, xkoTopblit mocne AeTeKTUpOBAaHUS I0J1aBajCs
s pacniedatku criektpa OIIP Ha npunTtep. OIP cniekTpsl KannOpoBaHbI 0 W3BECTHONW METOJUKE
coriacHo [10-11].
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2047

1F]337.029, g=2.00104
[F] 336,718, g=2.00288
[D] 336.201, g=2.00597

340.476, £=1.98078 [m2]|

[C] 335.707, g=2.00891
[B] 335.373, &=2.01092

[m1]331.799, g=2.0325 |AI334.115, x=2.01849

2 44 miT 335831 mT 340.818 [mT)]

Puc.1 DIIP cniextp rpadeHcoepKaiiux yriepo HbIX MaTEpUaIoB Ha MOII0KKE ATFOMUHUS

[TpoBeneno uzyuenue crnexkrpa JIIP oOpa3ua B 3aBUCUMOCTH OT yIila MEXJy MIOCKOCTHIO
MOJUTOKKH OTHOCUTENIFHO HANpaBJIEHUS] MarHUTHOTO TIOJS TyTeM BpamieHus oopasmna. CreKkTps
ToCNeIoBaTeNbHO CHUMATHCh MU (ukcuposanHbix yraax spamenus: 0°, 30°%, 60° u 90° . Brino
YCTQHOBJICHO, YTO MIMPHHA JIMHUM, aMIumuTyaa curHana JIIP u g-gaxkTop nMHUM MEHSeTCs INpH
3TOM He3HauuTedabHO. Ha crektpe HaOmomaroTcs M3ruObl, MO3BOJIAIONIME BBIAEIUTH BKIAJAbI B
CYMMapHYIO JIMHUIO OT Ipa)eHOB, HAHOTPYOOK U TpaUTOB.
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Electron paramagnetic resonance (EPR) is particularly useful in studying the absorbed dose.
This method provides significantly higher rates of dose determination accuracy [1-2].

A key aspect of studies is identifying features of the shape and parameters of the EPR
spectra of polymers and components of food products, the nature of the accumulation of free
radicals in them under the influence of y-irradiation.

Alanine free radical gives a characteristic EPR signal, the intensity of which is proportional
to the absorbed dose, but does not depend on the power and energy of radiation, and also weakly
depends on the temperature and humidity of the medium. For this reason, alanine dosimetry is
equally suitable for installations using electron, X-ray or gamma irradiation [3]. The spectrum of
irradiated alpha-alanine contains 5 peaks, located at an equal distance from each other with a ratio
of amplitudes of 1: 4: 6: 4: 1 [4].

EPR spectroscopy was used to assess the radiation sensitivity of alanine to alpha radiation
with respect to a certified source of gamma radiation 60Co.

The results of this study indicate that the radiation sensitivity, estimated from the amplitude
of the alanine EPR spectrum, under the action of gamma radiation was 1.5 + 0.2 times higher than
under the action of alpha radiation from a 239Pu source with an energy of 5.14 MeV [5].

This study has shown that alanine is characterized by a high yield of radiation-induced
radicals, stability of the EPR signal and equivalence to biological tissues and water. Radiation
sensitivity of alanine to photons does not depend on the dose rate [5]. Based on these advantages,
alanine is considered and used as a valuable alternative to thermoluminescent dosimeters and
ionization chambers used to estimate doses in radiotherapy [6-8].

EPR spectra were recorded at room temperature on an upgraded spectrometer of the IRES-
1001 type.The EPR spectra of y-irradiated alanine samples up to 0.5 and 5 kGy are shown in Figure
1. From the graph we can see that both spectra are five-line with an intense central line with g =
2.008. With an increase in the dose to 5 kGy, the amplitude of the EPR spectrum increases 3.6
times.The results, as shown in figure 1, indicate that with an increase in the dose to 5 kGy, the
amplitude of the EPR spectrum increases 3.6 times.
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Figure 1. EPR spectra of y-irradiated alanine

Thus, the EPR study of y-irradiated model polymer at ~ 300 K showed that the EPR
spectrum of a-alanine in the dose range 0.5 + 5 kGy consists of lines belonging to a quadruplet and
a singlet.

The results of this investigation show that the features of the shape and parameters of the
EPR spectra and curves of accumulation of free radicals of model polymers (a-alanine) depending
on the y-irradiation dose at ~ 300K are revealed.

These experiments confirmed that the accumulation of quadruplet and singlet-type free
radicals takes place in both model polymers. However, in PMMA, this process proceeds at higher
(> 120 kGy) radiation doses compared to a-alanine. In this regard, alanine is the best dosimetric
material for determining low doses of absorption than polymethyl methacrylate.
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Introduction

Considering the problems of ecological safety, economical use and renewal of natural
resources and, taking into account the increasing volumes of paper production, the use of fallen
leaves instead of wood for paper production is actual. The main component in fallen leaves is
cellulose (60 - 80%), which can be isolated and used, in home production, as a substitute for wood
pulp and cotton linters [1].

Cellulose is the most abundant polymer in nature. It is an important component of cell walls
of different parts in green plants. Cellulose materials are different depending on the extraction
method and they have unique properties despite the common character of their chemical
composition. So, they are subdivided into fibrillary (i.e. fibers), crystalline and bacterial varieties,
and can be obtained from different raw materials [2].

Cellulose consists of beta -1,4- linked glucopyranose groups forming a linear homopolymer
where monomers are rotated 180 degrees relative to each other. Each monomer has three hydroxyl
groups, which determine the properties of cellulose such as hydrophilicity, chirality,
biodegradability, etc. [3].

The aim of investigation was the isolation of cellulose microfibres from leaves by boiling
delignification and paper production from the obtained cellulose with wollastonite additives.

Experimental part

The experiments were performed in the following stages: study of the chemical composition
of fallen leaves, obtaining of cellulose and production of paper. The content of cellulose varied
within 45-80%, a part from cellulose, lignin containing components, hemicellulose were detected.
The ash content was within 2%. The most optimal conditions for delignification (boiling time 120
minutes, the boiling temperature 90°C in a 20% alkaline solution of NaOH) were chosen for
sustainability of the method with minimum consumption of resources. To study the surface of
cellulose microfibres, optical microscopy (Digital Microscope) was used.

A schema of the process is showed in Figure 1, including: collection of leaves,
delignification, waste removal, filling, whitening and drying, milling and, production of paper.
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Fig.1. The main processes for boiling isolation of cellulose

Results

Thus, as a result of investigations, the following can be noted:

1. The chemical composition of fallen leaves was studied. The possibility of obtaining
cellulose for production of paper from fallen leaves with high quality indices was shown;

2. The main experimental conditions of boiling for production of microfibrillar
cellulose (temperature, duration, consumption of boiling reagent) were determined,;

3. The possibility of using agricultural waste — fallen leaves — in the composition of

paper production was experimentally confirmed.

a)
Fig.3. —a) Carton board; b) Optical microscope pictures (200x)
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Conclusion

The possibility of using fallen leaves as an alternative to wood in paper production was
experimentally showed, this allowing home enterprises to use renewable raw materials, expanding
the raw material base and, reducing the cost of finished products.
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Abstract

Graphene oxide (GO) membranes formed by GO nanosheets can separate salts from water.
In this work, the results of the influence of total inorganic ions on the structure of GO membranes
and the separation performance are presented. The fabricated GO membranes were characterized by
scanning electron microscopy and X-ray diffraction. Desalination performance for different salts
(NaCl, KCI, MgCl,, CaSOs and MgS0Os) was analyzed by atomic absorption flame emission
spectrophotometry. The effect of salt ions on the structure of GO membrane was ascribed to their
relatively large size but weak attraction with GO nanosheets. These findings highlight the
importance of introducing strong covalent bonds between GO nanosheets to stabilize the structure
and separation performance of GO membranes for water purification.

Key words: desalination, graphene, rice husk, carbonization, exfoliation, chemical
activation

Introducton

Desalination is a technology and a process that removes most of the salts from salt water [1].
The utilization of membranes increases significantly every year, and they have been subjects of
very recent reviews [2-3]. The development of nanotechnologies and nanomaterials makes it
possible to improve the structure and properties of water-permeable membranes. Carbon nanotubes,
water channel proteins, molecular sieves, and metal-organic framework compounds have had a
significant impact on the permeability flux of the reverse osmosis membrane. In particular, the
recent appearance of graphene nanochannels for the rapid flow of water attracted attention for the
preparation of desalting membranes: among the several research approaches to the fabrication of
membranes for desalination, those looking at graphene-based derivatives are attracting special
attention and are considered among the most promising ones. However, significant limitations are
currently represented by the lack of control of performances and by the poor fouling and chemical
resistance [3, 4]. Research efforts are therefore spent to optimize desalination performances, but
also to improve membranes resistance for effective low cost; in this sense, an alternative route can
be offered by the synthesis of carbon membranes from inexpensive byproduct such as rice-husk [5,
6]. This article is devoted to the methods of synthesis, the properties and applications of the
graphene-derived membranes.

Experimental
GO membrane fabrication GO membranes were prepared by two methods: vacuum filtration and
immersion precipitation method (NIPS technique) [7]. In the first method (Fig. 1), the GO powder
was dispersed in deionized (DI) water and sonicated for 2 h. Unless otherwise specified, 40 mL of
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the GO suspension (0.01 mg/mL) was filtered through the membrane (filtration area 38 mm?) under
-0.8 bar at room temperature, forming the GO membrane composed of a thin GO layer on the
membrane support. The resultant GO membrane was vacuum-dried (-0.95 bar) at 40°C for 40 h.

In the second method, 0,5 g of PVDF and 4 ml of 1-methyl-2-pyrrolidone were added in
heat-resistant glass and heated around 50°C by stirring for 1 h to get homogeneous polymer
solution. Then, 0.1 g of carbon sample was dispersed in a little amount of 1-methyl-2-pyrrolidone (2
mL): it was sonicated for 30 min to obtain a uniform dispersion and added to PVDF suspension.
After that, 0.1 g of polyvinylpyrrolidone (PVP) was added to the dispersed suspension of
PVDF/GO and gently stirred for 1 h to get homogeneous suspension. The resulting suspension was
degasified by sonication to eradicate trapped air bubbles. The homogeneous casting solution was
cast over a glass plate (adjusting the thickness at 400 microns) and immersed in the coagulation
bath containing water as non-solvent. The resulting membrane was kept in coagulation bath for 24 h
to ensure the complete phase inversion. All information about samples are given in Table 1.

Table 1. Main characteristics of samples

ID sample Label Conditions for General characteristics
obtaining samples
Graphene oxide GOM Dispersed, sonicated, Microporous film material. Friable
(commercial) vacuum dried sample.

membrane

Graphene (obtained | GM Dispersed, sonicated, Microporous membrane modified by
from CRH) vacuum dried graphene. Graphene was synthesized
membrane from rice husk at the Institute of

Combustion Problems. The sample is
fragile, easily break.

Graphene based GF Evaporated of mixture Macroporous filter. Particles of the
PVDF filter of PVDF, 1-methyl-2- | same size and fragile aggregates. Sheet-
pyrrolidone, PVP and like particles are very fragile. Crumbly
graphene fragments

Results and discussion

Membranes characterization SEM images of the surface and cross-section of membranes
show that they had wrinkled surfaces and a laminar cross-section structure. Stacking of GO
nanosheets formed ordered laminar structure with orderly distributed nanosized capillaries between
adjacent layers, the height of which was measured using X-ray diffraction. X-ray diffraction
analysis on the dry membranes showed a characteristic diffraction peak at about 10° and 20°, from
which it was calculated that the distance between the nanosheets for dry membranes are 4,145 A,
3,930 A and 3,739 A for GOM, GM and GF samples, respectively. The XRD measurements on
GOM, GM and GF after modification of GO (after salt filtration) on the surface of membrane and
after filtration tests to different salts were shown in Fig. 1 (a-c). diffraction peaks associated to
carbon are present in all samples, corresponding to interlayer distances d=4.145 A in GOM,
d=4.930 A in GM and d=3.739 A in GF. The XRD pattern on GOM membrane (Fig. 1 (a)) exhibits
polymer lines and NaCl diffraction lines. In order to determine the approximate NaCl content in the
sample, an X-ray image of NaCl was obtained under the same conditions as the sample. Using this
X-ray as an external standard, the NaCl content in the samples was determined as about 5.0%. From
XRD pattern on GM (Fig. 1(b)), we estimated the content of NaCl as approximately 2.5%, while a
small amount of carbon and MgCI cannot be excluded. The pattern on GF sample (Fig. 1(c))

UHCTUTYT Npo6sieM ropeHus

91



XI International Symposium « COMBUSTION and PLASMOCHEMISTRY»
November 20-22, 2019, ALMATY, KAZAKHSTAN

contains the lines (CoH2F2)n. Carbon is present in a large amount and NaCl in an amount of
approximately 4.6%.
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Figure 1. Pictures and XRD pattern of the three membranes: GOM (a), GM (b) and GF (c)

Desalination processes The GOM, GM and GF membrane fluxes and rejections of five
salt liquids (NaCl, KCI, MgClz, CaSO4 and MgSO4) were tested using a usual filtration system at
room temperature. Feed solution was loaded into a stirred cell with an effective membrane area of
38 mm? an 300 mL feed tank. The volume of the feed solution was 200 mL in total by taking into
account both the volumes of the stirred cell and the feed tank. The filtration pressure was provided
and controlled by a pump. The fabricated membranes were used for each filtration test. The stable
DI water flux was measured and compared between different membrane samples to check the
repeatability of our membrane fabrication technique.

The desalination properties of membranes were tested for NaCl, KCI, MgCl., CaSO4 and
MgSOs using a calibrated Atomic Absorption Flame Emission Spectrophotometer. The initial
composition of the salt (35 g/L) solution (sample of seawater) was as follows: NaCl (78.8%), KCI
(2.1%), MgCl2 (9.1%), CaSO4 (3.5%) and MgSOa4 (6.5%). The desalination data before and after
filtration and permeable characteristics are given in Table 2.

The concentration of salts before and after filtration shown in Fig. 5. The initial
concentration of salts were: NaCl — 27.3 g/L, KCI - 0.7 g/L, MgCl, — 2.275 g/L, CaSO4 — 1.225 g/L
and MgSO4 — 2.275 g/L. After filtration of this solution through GO membranes, the concentration
of salts decreases up to: NaCl — 6.64 g/L, KCI - 0.18 g/L, MgCl> — 0.19 g/L, CaSO4 — 0.28 g/L and
MgSO4 — 0.46 g/L. From Table 2, we can infer that the permeability plays a crucial role on the salt
rejection: to a slower process corresponds a better filtration capability. In addition, the poor salt
rejection of GF compared to the other two membranes makes it clear that the preparation from
graphene oxide (both commercial or from rice husk) by vacuum filtration is much more effective
for the production of filtering membranes.

Conclusions

This study investigated the separation performance of salts through different kind of
membranes based on graphene. GO membranes were prepared by vacuum filtration and immersion
precipitation method. According to SEM analysis, the GOM and GM membranes exhibit a wrinkled
surface and a structure characterized by laminar cross-section, while GF looks rough, due to the
more intricate, disordered structure of the re-stacked GO sheets present in the polymer matrix. The
desalination properties of membranes were successfully tested for the following salts: NaCl, KCI,
MgCl,, CaSOs and MgSOas. According to the Atomic Absorption Flame Emission
Spectrophotometry, the GOM and GM membranes can desalinate salt water about 85%, while GF
around 8.5%.
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MEJIBbCOIEPKAIINE KATAJ/IM3ATOPBI KOHBEPCHUU 9TAHOJIA
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Mucruryt npobnem ropenus, Kazaxcran
[lentp GU3MKO-XMMHUYECKHX METO/IOB HCCIIENOBAHMS M aHamu3a Kazaxckoro HalMOHAIEHOTO YHHBEPCHTETA UM. Allh-
dapabdu, Kazaxcran
Kazaxckuii HannonansHelii YHusepcuteT uM. Asb-®apabu, Kazaxcran

B mnocnegnee BpemMss B MHPOBOH XWMHUYECKOW MPOMBIIUIEHHOCTH BCE OOJBIIYIO
aKTyaJIbHOCTh TNPUOOPETAIOT HKOJOTHYECKHUE MPOOIEeMBbl, pPEIIeHHEe KOTOPBIX MOXKET OBbITh
OCYLIECTBJIEHO 3a CUET CO3JaHHUsl HOBBIX, aJIbTEPHATUBHBIX MPOU3BOJCTB, XaPaKTEPU3YIOLIUXCS
MUHUMAJIBHBIM KOJIMYECTBOM BPEAHBIX OTXOJOB M 0a3upylOIIMXCS Ha BO300HOBISAEMbBIX
MCTOYHUKAX ChIpbi. OMHUM U3 BaXKHBIX MPOIECCOB B COBPEMEHHON MPOMBIIIICHHOCTH SIBISETCS
CUHTE3 alleTalbJIerH/1a - LIEHHOTO MPOAYKTa OpraHuueckoro cuure3a. OCHOBHON MPOMBIIIICHHBII
METOJ MOJy4YEHUs alleTajbJeruia - 3TO OKUCJIEHHE LIEHHOTO 3TUJIEHA B MPUCYTCTBUU BOJHBIX
pPacTBOPOB XJIOPUJOB JOPOrOro mamiagus U Meau. JlaHHas TEXHOJOTHS XapaKTepHU3yeTcs
0o0pa30BaHMEM ILIEJNOr0 psAJia TOKCHUYHBIX MOOOYHBIX XJIOPOPTAHMUYECKUX MPOAYKTOB, a TaKKe
PacTBOPEHHBIX B OOJBIIMX KOJMYECTBAX BOJbl YKCYCHOM KHUCJOTHI U KPOTOHOBOI'O ajbJErHja.
Kpome Toro, mpousBoACTBO 3THJIEHA, UCIIOJIB3YEMOT0 B KQUECTBE ChIPhS AJIs JAHHOTO Ipoliecca,
OCHOBAHO Ha nepepaboTKe HEPTSIHOTO ChIPbs, YTO MPUBOAUT K €r0 YIOPOKAHHUIO.

B nmnocnennee Bpemsi Ha (OHE yKECTOYAIOIMIMICS TpPeOOBAaHUNA K HSKOJIOTHYHOCTH
TEXHOJIOTHH M CTpeMIIEHUH U30aBUTHCS OT He(TAHOM 3aBUCUMOCTH, HHTEPEC K MPOLIECCy CUHTE3a
aneTanbAeruja myTeM JeruApupoBaHus TaHOJIa BHOBb Bo3pacTaeT. KpoMe Toro, CTOUT OTMETUTH
BaXXHOCTh M IIEHHOCTh BOJAOPOJa, MOJIYy4aeMOro B Mpoliecce KaTaIUTHYECKOro JETHIPUPOBAHUS
JTaHoJIa HapsAy c aneranpaerugoMm. Croco0 mModydeHHs aleTanbAeruaa JAernJpUpOBaHUEM
3TaHOJIa UMEET PsI/l IPEUMYILECTB: OTCYTCTBHE SJOBUTHIX OTXOJIOB, JOCTATOUYHO MSATKHE YCIOBUS
MIPOBEJCHUSI PEaKIUU U IMOJIyUeHHE Hapsay C aleTalbJAEerHaA0M BOAOPOJA, KOTOPBIH MOXHO
UCMOJIb30BaTh B IPYyTruX mnporeccax. VICXOAHBIM CHIPbEM MOXKET CIYKUTh OMO3TaHOJ, MOITy4aeMbli
n3 Ouomaccel. Pa3BuBaromascs ObICTpbIMH TE€MIAMU OMOTEXHOJOTHS YXKe celyac IO3BOJISET
MPOU3BOIUTH OMO3TAHOJ M3 OPraHUYECKUX OTXOOB, YTO HPUBOAUT K CHUKEHHIO CTOMMOCTHU
O0MOATaHOJIa U MTOCTETIEHHOMY OTKa3y OT MCIOJIb30BaHUs HEPTIHOTO ChIpbsi. OHAKO IS CO3aHMs
KOHKYPEHTOCIIOCOOHOM TEXHOJOTMM MOJY4YEeHHUs aleTanbjernja M3 OuodTaHOoNa HeoOXxoauma
pa3zpaboTka 3¢ (HEeKTUBHOTO KaTajau3zaropa. BaxkHbIM dTamom JIsi CO3aHHs BBICOKOI(P(HEKTHBHBIX
KaTaJIM3aTOPOB SBJSETCS MOMCK HOCUTEISA, MOAUDUIUPYIOMUX J00aBOK U METO/1a IPUTOTOBJICHUS
KaTaJan3aTopa, KOTOPbIE BIUAET Ha UX CTPYKTYPY U KaTaJUTHYECKUE CBOMCTBA.

B nanHOll paboTe mnpuBeneHbl pe3yibTaThl KOHBEPCUU 3TAaHOJIA HAa MEAbCOAEPIKAIINX
KaTajgu3aTopax. MenbcoaepiKalie KaTajau3aTopbl ObUIM IPUTOTOBJIEHBI METOJIOM MPOIUTKU
HOCHUTEIIS, a Takke MeTonoM "solution combustion". TecTupoBaHHe aKTUBHOCTH pa3padOTaHHBIX
KaTaJnu3aToOpOB B KOHBEPCHH 3TaHOJIA MPOBOJIWIM B IPOTOYHOM PEKMME B MHTEPBAJIE TEMIEPATyp
150-400°C. ITonmy4yeHHbIe pe3ysbTaThl MMOKa3ald, YTO KOHBepcus staHoia Ha 3 mac.%CuO/Al203
KaTalm3aTope TPUBOAUT K oOpa3zoBanmio 25 00.% ostmimena u 20 00.% Bogopona, Takke B
HeOonpmx kommdectBax CO (3 00.%), 2 00.% apomaTtuueckux yriaeBoaopoaoB (AY) u 8 06.%
arieranpaernga. MoauduuupoBaHe METHOTO KaTajlu3aTopa OKCHAOM XpoMa KaTajlu3upyeT
MPOLIECC KOHBEPCUU ATAHOIA B CTOPOHY oOpa3oBaHus Bomopoaa (46 00.%), a Takke B KHIKHX
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NPOAYKTaX peakiuu NoBblmaercs KoHueHtpamus AY (9 00.%) u aneransueruga (19 06.%).

[IpuroroBineHne MeTHO-XPOMOBOTO Karajauszaropa MeTojoM '"solution combustion" mpuBOIUT K

MOBBIIICHUIO BBIXOA KHUJIKUX MPOAYKTOB peakiuu, AY 1o 18 06.% u auneranpaeruna 1o 28 06.%.
[TomyueHHble pe3ysbTaThl MMOKA3ald, YTO MEHSAS COCTAaB M METO] MPUTOTOBIICHUS MEIHBIX

KaTaJIM3aTOpPOB MOKHO KaTaJIM3UPOBAThH IMPOLCCC KOHBCPCHUU 3TAaHOJIA 110 3aJaHHOMY HAIIPaBJICHUIO
co3aaBas yCJIOBHA IJId CHHTE3a LNCJICBOI0O IIPOJaAYKTa.
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CEJIEKTUBHOE I'lIPUPOBAHUE AHETUJIEHA HA HAHOYIVIEPOJIHbIX
KATAJIM3ATOPAX

Tanupoeprenona C.K., Tyreaoaesa [I.A., Kbuibi0aesa H.K., Mauncypos 3.A.

PI'TI na ITXB «MucTuTyT Ipobniem ropenus», Kaszaxcran, Anmarsl,
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AHHOTAUMSA

B I[aHHOﬁ pa60Te MPEACTAaBJICHBI PE3YJIbTAaThl CCJIICKTUBHOI'O T'MAPUPOBAHNA AlICTUIICHA Ha HAHOYTJICPOAHBLIX
karanu3atopax. OOpa3ipl KOOAJbTOBBIX KATaTU3aTOPOB HCCICAOBAHBI METOIOM CKAaHUPYIONIETO JIICKTPOHHOTO
MUKPOCKOIIa. CeHeKTI/IBHOCTI) U KaTaJIUTHUYCCKasgd AaKTUBHOCTH IIOJTYYCHHBIX KaTaJlUW3aTOPOB HCHBITAHBI Ha
pa3paboTaHHOI MUIIOTHOM KaTaIuTHYECKOM YCTaHOBKE.

BBenenue

OHUM M3 BaXKHEHIIIMX MPOIIECCOB B COBPEMEHHOM HE()TEXUMUUYECKON MPOMBIIIJICHHOCTH U
OpFaHI/IquKOFO CHUHTEC3a SBJISICTCS FI/IIlpI/IpOBaHI/Ie Henpeﬂeanmx COGZ[I/IHGHI/IfI. TpaIII/IIII/IOHHO B
MIPOMBILIJIEHHOCTH UCIIONb3YIOT T€TEPOre€HHbIE KaTaIU3aTOPbl HA OCHOBE JPArOlE€HHBIX METaJUIOB.
AIIGTI/IJICHOBI)IG U OUCHOBBIC erIeBOI[OpOIII)I B peaKmmx FI/II[pI/IpOBaHI/ISI Ha AaKTHUBHBIX
KaTajau3aTopax OBICTPO OJIMTOMEPHU3YIOTCS M OTPABISIOT KaTallM3aToOpbl MOJUMEpPU3AIUU, YTO
CHIJKAIOT KA4eCTBO CUHTE3UPYEMBIX MNPOAYKTOB. McXonast M3 3TOro co3gaHue HAHOYIIJIEPOIHBIX
KaTaJIM3aTOPOB CEJICKTUBHOTO THAPHUPOBAHUS SBJISETCS BEChMa aKTyalbHbIM [ 1-4].

JKCNEePpUMEHTAJIbHAS YaCTh

[lenpro maHHOM paOOTHI ABISETCSA U3YYCHUE KATAIUTUYECKOW aKTUBHOCTU M CEJIEKTUBHOCTHU
KaTajJnu3aTopoB Ha pPa3paOOTaHHON MHUIOTHOM KaTalUTHYECKOW YCTAHOBKE B  PEaKIMSIX
THJIPUPOBAHUS alleTUJICHA. Y CTaHOBKA ISl THIPUPOBAHUS AlleTUIICHA BKIIIOYAET B ce0sl peakTop U3
HEep>KaBeIOIIEH CTalli; CUCTEMY HarpeBa peKkTopa, OJIOK Mmoja4yu raza, CUCTeMY MOJa4u U U3MEPEHUS
pacxoma Tra3oB; CpEACTBa pPETYJIMPOBAHUS W KOHTPOJS JaBJICHUS, BBHITIOJHCHHBIE B BHJIC
COJICHOUJHOTO KJIalaHa, MPeJOXpaHHUTeNs aBJIeHUs ra3a W MaHOMETpa; Ta30BBIl CMecHUTEhb
(McmapuTeINb) U HarpeBaTelb C TEPMOCTATOM, CEMapaTop ¢ CUCTEMOW MUPKYJISIIIMHA XOJIOTHON BOJIBI
W Ta30BbI xpoMaTtorpad. B kauecTBe peaklMOHHOTO CBHIPhSl HCIOIH30BAH AlETHUICH U BOJOPO/I.
[TpoayKTHI peaknuy aHATM3UPOBAIN C TIOMOIIBIO Ta30BOr0 XpoMaTtorpada «Xpom-3700» u razoBoi
xpomarorpaduu ¢ Macc-criekTpomMeTpuueckum nerektupoanueM (Agilent 7890A/5975C).

Pe3yabTaTsl U HX 00Cy:KIeHHE

OddexTuBHOCTh pabOTHI KaTamu3aTopa B PEAKIUSAX THAPUPOBAHUS allETHIICHA OMpEAeIseT
XUMAYECKHI COCTaB KaTalM3aTopa W €ro yAelbHas MOBEpPXHOCTh. Pa3mep mop W pacmpenercHue
00BEMOB TOp IO UX paanycaM, 00ecleuynBaeT JOCTYITHOCTh U TPAHCHIOPTHPOBAHUE PEarupyIOIMINX
Monekyn. OcoOblii  WHTEpeC TMpOsBIsieTcss K TIaMHaM  KazaxCTaHCKOro — MPOUCXOKICHHUS
HCIOJIb3YEMbIC B KaU€CTBE HOCHUTENS KaTalnu3aTopoB. Hocutenn katamu3aTOpoB U3 TIIMHBI B CHUITY
KOJIMYECTBA OKCHJIOB METAJUIOB CIHOCOOCTBYIOT OOpa30BaHMIO HAHOYACTHUI[ ITOBBIIIAIOIINX
CEJIEKTUBHbBIE CBOWCTBA.

[lpr akTHBANMW TJIMHBI OKCHIIOM QIIOMUHUS IOJYYalOT CTPYKTYPHPOBAHHBIA HOCHTEIb.
HNanbHeliinee MoguduKanus TOIYYEHHOTO CTPYKTYPUPOBAHHOTO HOCHTENS KOOAIBTOM C
nocyenyromneil kapOoHu3anuei, CrrocoOCTByeT 00pa30BaHHIO aKTHBHBIX KATATUTHYECKUX YacTHUI] U
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YIIepOAHBIX CTPYKTYp. KapOoHusanus o0pa3oB K0OaTbTOBBIX KATAIM3aTOPOB MPOBOIUTHCS MPH
temneparype 550-750 °C B Teuenmme 45 mumHyT B cpede mpomaH-Oyrtama. Jlis mampHEHIIEX
WCCJICIOBAaHUH BHIOpaH KaTalIu3aTop C OJHUM COCTaBOM, KOTOPBIH ObLT KapOOHW30BaH MPHU Pa3HBIX
temreparypax. CorjiacHo pe3ysbTaTy 3J€MEHTHOIO aHajin3a KoOalbTOBBIE YAaCTHUIIbI PABHOMEPHO
pacmpesieNieHbl M0 MOBEPXHOCTH HOCHTENS. Y IelbHAs MOBEPXHOCTh KOOATBTOBBIX KaTaIM3aTOPOB
YBEJIMUMBAETCS B 3aBUCUMOCTH OT TemImepaTypbl KapOOHW3alMd, XOTs B  oOpa3max
kapOOHM30BaHHOH mpu TemmepaType Bbime 700 °C CeleKTMBHOCTh B PEaKIMH THAPHPOBAHHS
arieTusieHa najaaeT. B nponykrax peakuuu oOHapyKeHbI OyTaH U OyTeH.

Karanutudeckass akTHBHOCTh M CEJICKTUBHOCTh KOOAQJIBTOBBIX KAaTaIH3aTOPOB 3aBUCHT
METOJla aKTHBAIlMKM W MOAU(UKALKMU, a Takke OT YyciaoBuM KapOonuzauuu. Ha pucynke 1
npencraBicHbl CHUMKH COM  KOOQJIBTOBBIX KaTalu3aTOPOB KApOOHW30BAHHBIX IIPH Pa3HBIX
TeMIeparypax.

20 pm
KazNU NANOLAB

4 pm

T E— > vV [ ——
KazNU NANOLAB o KazNU NANOLAB

B r
a, 0 - MOBEPXHOCTHh KOOAIBTOBOTO KAaTAIM3aTOPa, B,I' - TOBEPXHOCTh KOOAIBTOBOIO KAaTaIH3aTOPa
MOAU(DUINPOBAHHBINA OKCHIOM aJFOMUHMS U KOOAIbTa

Pucynok 1 — Mukpodororpadun Ko6anbTOBBIX KaTaIH3aTOPOB

I[To mamapiMm CDOM, B CHHTE3UPOBAHHBIX KaTaJdM3aTopax KapOOHM30BAHHOW MpH
temnepatype 550 °C, yacTuubl KoGanbTa PaBHOMEPHO HAHECEHBI MO TOBEPXHOCTH KaTaIM3aTopa
(pucynok 1 (a, 0)). [laHHbIE CKAaHUPYIOIIEH SJIEKTPOHHOW MHUKPOCKOIHWU TMOKa3aJii PaBHOMEPHOE
pacripesielieHie HaHECEHHBIX YacTHUIl KoOanbTa MO MOBEPXHOCTH Ha Bcex obOpasmax. B obpasmax
KapOOHM30BaHHOI mpy Temmepatype 650 °C Habmogar0TCs 06pa3oBaHKe HAHOCTPYKTYp (PUCYHOK
1 (B,r)). Ha pucynke 1 (r) HaOiogaroTcst 4aCTULBI KOOanbTa pa3inyHoi ¢popmbl B ipeaenax or 600
10 685 HM. B o6pasie kap6oHn3oBanHOI mpy Temnepatype 650 °C oTCYTCTBYIOT KpyIHBIE TIODHI,
HO HE OKa3bIBAaeT OTPUIATEIHHOIO BO3JEHCTBHMA Ha KaTaJUTHUYECKHe CBoicTBa. JlanbHeiiiiee
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MOBBIIICHUE TEMIEpaTypbl KapOOHM3ALUU YBEIMYMBAECT MOPUCTOCTH OOpas3IoB, HO TaKXke HE
MOBBIIIACT KaTAIUTUYECKYI0 aKTUBHOCTh U CEJIEKTHUBHOCTh KOOAJIBTOBBIX KAaTaau3aToOpoB. Takum
06pa3oM, HaMH BEIOPAHBI ycIoBHs KapOoorusaruu 550-600 °C.

Jlanee karamuTHYecKkas aKTUBHOCTh U CEJIEKTUBHOCTh  KOOaIbTOBOro  0oOpasia
5%Co+5%Al/SIAl u3ydyena B peakuuu THIPUPOBaHHS alleTUIICHA. Pe3ynbTaThl HCCIICIOBAHHS
KaTaJUTHYECKON aKTUBHOCTHU IpE/ICTaBICHbl HA pucyHKax 2,3. M3ydeHue BIMSHHUE TEMIEPaTyphl
peakiMu Ha BBIXOJ ATHJIEHAa (PUCYHOK 2) M Ha KOHBEPCHUIO alleTWieHa (PUCYHOK 3) B Ipoliecce
TUIPUPOBAHUS alleTWIeHa Oe3 JaBieHHus Ha KoOaJbTOBOM KaTalu3aTope, MPH COOTHOILICHUH
C2H2:Hz (1:2).

Kak BuIHO, U3 PUCYHKOB 2 W 3 KaTaJUTHuYeCKas aKTUBHOCTh KaTalu3aropa HM3y4YeHa B
uHTepBane Temmepatyp or 120 mo 260 °C. Temmeparypa peakuum BIMSeT HA AKTHBHOCTD
katanmsaropa. IIpu Temneparype 120°C BeIxon sTuneHa coctasuna 6,37 %, KOHBEpCHS alleTUICHA
— 24,99 %, npu noBsimennn Temneparyps g0 220°C BeIX0a dTHIeHa yBeauumBaercs ot 18,42 1o
46,55 %, xouBepcus stuneHa — oT 24,99 no 63,73 %, a ganpHeiilee MOBBIIICHHE TeMIIEPaTyphI
peaKIMy IPUBOIUT K CHUKEHHUIO BBIXO0JIA STUJICHA U KOHBEPCHH allCTHIICHA.

50 o

@
8
L

KoHsepcusi auetunena, %

Bbixoa atunena, %
N
8
L
L

T T T T T T T T 1
100 120 140 160 180 200 220 240 260 280

TemnepaTypbl peakuuu, °c

Pucynox 2 — Bnusinue Temneparypsl peakuud Ha  PucyHok 3 — BnusiHue Temneparypsl Ha KOHBEPCUHU
BBIXO[] 3THJIEHA B POLIECCE THAPUPOBAHNE alleTWIeHa B IIPOLecce THAPUPOBAHHE alleTUIICHA
anermiena Ha 5%Co+5%Al /SiAl

3akjao4eHue
I/IsyquH KAaTaAJIMTUYCCKHUC CBOﬁCTBa K06aJ'II)TOBI>IX KaTaJ'II/ISaTOPOB B peaKHI/II/I

THAPUPOBAHUS alleTWIeHa B OTUJEH. MeToAoM DSIEeKTPOHHOW MHKPOCKONMHH OOHapyKEeHBI
KOOaJIbTOBBIE YaCTUIBI C pa3mepamu 685 HM. Takum oOpa3oM, Ha KOOAJbTOBOM KaTalu3aTope
onTuMankHas Temmeparypa peakuun 220°C mpu cootnomenmu (CzHz:Hz) 1:2, BeIXOm 3TmieHa
cocraBisier 46,55 %, a xonBepcus amerwieHa — 59,72 %. CelleKTHBHOCTh KOOAITBTOBBIX
KaTaJlu3aTOPOB B PEaKIMK TMAPUPOBAHUS alleTUIIEHA B 3TUJIEH Aocturaet 92,5%.

Jluteparypsl
1MynnaxmeroB A. I'. I'mapupoBaHue aneTwieHa B 3TaH-3THJIEHOBOW (pakIMM Ha HOBOM

naJIaMeBOM KaTalu3aTope: aBToped. KaH[. TexH. Hayk.: — Kazauns, 2000. — 16 c.

2David L.M, Trimma D.L., Liub O.Y., Noel W.C. The oligomerization of acetylene in
hydrogen over Ni/SiO. catalysts: Product distribution and pathways // Journal of Molecular
Catalysis A: Chemical. — 2008. — Vol. 288. — P.63-74.\Carlsson A.F., Baumer M., Risse T., Freund
H.J. Surface structure of Co-Pd bimetallic particles supported on Al>Oz thin films studied using
infrared reaction absorption spectroscopy of CO // Journal of chemical physics. — 2003. — Vol. 119.
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CHUHTE3 METAVIOOKCH/JHBIX CTPYKTYP HA OCHOBE HUTPOLEJIJIIOJIO3bI

Ec6oa08 H.B.}%, Cmaryaosa I'.T.?, Aramanos M.K.}2, Mancypos 3.A.%2

'Kazaxckuii HalMOHANBHBIA YHUBEpCUTET UM. alb-Dapabu, mp. Anb-Dapabu 71, Anmatsl, Kasaxcran
2HMucturyt npobiem ropenus, yii. boren6aii 6atsipa 172, Anmatsl, Kazaxcran
e-mail: nurmahan_esbolov@mail.ru

Ha cerognsmHuil AeHb XMMHUYECKash TEXHOJOTUS SHEPrOEMKUX MAaTepUasoB SIBISETCS
IIPEeIMETOM 0COOOro MHTEpeca, OHAa aKTMBHO M3Y4aeTcsl B By3aX M OKa3bIBaeTCs IOJIE3HOH Ha
IIPaKTUKE, IOTOMY KaK CaMU 3HEPrOE€MKHE MAaTE€pPUaJIbl MOJIb3YIOTCSA OOJBIINM CIIPOCOM U aKTUBHO
IIPUMEHSIOTCS B CaMbIX pa3HbIX chepax IesTeNbHOCTH.

B yactHOCTH, 1emII0I03a B3aMMOJECHCTBYET CO CMECHIO KOHLIEHTPUPOBAHHBIX CEPHON U
a30THOM KMCIIOT (HUTpPYIOLIasi CMECh), JaBasi HUTPOLEIUIIOI03Y - CIOXKHBIM 3(pup LemToao3sl u
azotnoit kucioTel [CeH702(OH)3x(ONO2)x]n. B 3BeHBsAX IEUIONO3BI OAHA, JBE HWIH TPHU
THJIPOKCHIIBHBIC TPYIIBI STEPUPHUIHPYIOTCS a30THON KHCIOTOW (aTOM BOAOPOAA THAPOKCHIBHON
rpynmnel 3amentaercss Ha rpynny -NO2). Kak cnenyer u3 ¢opmysbl, MUHMMajibHas CTENEHb
sTepuduKaiK (3aMEIICHNs) X paBHA HYITIO (MCXOIHAs IEJUII0JI03a), @ MAKCUMaJbHas - TPeM (TpH
HUTPOLIEIITIOII03a).

[Tomyyenue mopuctoro yriaepoanoro marepuana u3 PII u CI'O oTkpbIBaeT BO3ZMOXHOCTh
pa3pabOTKNU HOBBIX OOBEMHBIX MaTE€pHUajoOB 3a CUYET 3KOHOMHUYECKH PEHTA0EeNbHOro, MPOCTOTO U
MacIITabupyeMoro nNpou3BOJICTBA.

B mnameil pabGore OblIM mMoOMy4deHbI Ipade€HOBBIE KapKacHbIE CTPYKTYPbl M3 OTXOJIOB
PacTUTENIBHOTO ChIpbs. B KauecTBe MCXOAHBIX MaTepHanoB ObUIM MCIOJB30BaHbl PUCOBAs LIENTyXa
(PIII) u ckopnyma rpeukoro opexa (CI'O). McxomHbsle Marepuanbl MOJABEPrajuch Ipoleccam
KapOOHHM3aLMU JUIsl YOAJIEHUS JIETYYMX KOMIIOHEHTOB, aKTUBAllUM XUMUYECKHUMH peareHTaMu Mpu
MOBBIIICHHONW TEMIlEpaType M Ipolecca ACCUIMKALUW B Cilydae pUCOBOW Mmenyxu. Jlus
YCTaHOBJICHUS BEIWYMHBI YACIBHONW MOBEPXHOCTH ITOIYYEHHBIN yriepoaHbiil marepui u3 PII u
CI'O Obin uccnenoBan Ha aHanuzatope yaenbHoi noBepxHocTH «COPBTOMETP-M». CornacHo
pesynbTaTtam bOT-aHanu3a, 3HaueHne yAeIbHON MOBEPXHOCTH IS yIiiepogHoro marepuana u3 PIII
— 2817,7 m%r, mns yrmepoaHoro matepuana m3 CI'O — 2759,5 m%/r. Amanus PamaH CHeKTpos
YIIepOoAHOTro Marepuana, nomydyeHHoro u3 PIII nokazan coneprkanue rpad)eHOBBIX MJIEHOK C TpeMs
u o6onee cinosmu (Iop/le=0,63; 0,5; 0,43; 0,3). [luku PamaHOBCKMX cHeKkTpoB B obOsiactu 2D
yKa3bIBalOT, 4YTO B Oosblieli Mepe cpOopMHUpOBaHHAs CTPYKTypa COCTOUT W3 MHOTOCIIOMHBIX
rpadeHoB. Yraepoanslii marepuan u3 CI'O Takke uMeeT HEYNOpPsJIOYEHHBIE YIIepoJHbIE
CTPYKTYphl B BUJE aMOP(HOro yriepoja, B TOXXe BpeMsl B 00paslie colep:Karcs MHOTOCIOWHbIE
rpad)eHOBbIe CTPYKTYPHI ¢ yrciioM ciioeB oT 4 (Ip/lc=0,58; 0,56; 0,55; 0,53) u BbIie.
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INPUMEHEHHWE HOBOI'O PAJA ®JIOTOPEAI'EHTOB HA OCHOBE ITPOU3BO/JHBIX
OKCAHA B ®JIOTAIIMA BBICOKO30JIbHBIX YIJIEN

T. Kererenos’ 2, C. Kanyrun', A. Kaparyaanosal, K. Kamynyp!?

1Kazaxckuii HalMOHANBHBIN YHUBEPCUTET UM. anb-Dapabu, T. AnMatel, Kazaxcran.
2MucTuryT npobiem ropenus, r. Anmatel, Kasaxcran.
*e-mail: ardak.karagulanova@gmail.com

Annoranusi. [IpoBeseHbl wuccnenoBaHus 1o  (UIOTAIIMOHHOMY OOOTAIlllEHUI0 BBICOKO3OJBHBIX — YIJIen
Mectopoxaenus Capeiaaplp (Ka3axcran) HOBBIM (DJIOTALMOHHBIM PEareHTOM — alleTaToOM 3-aMHJITETparuapo-nupaH-4-
olla, HMMEIOIIEM B CBOEM COCTaBe AamoJsipHBIE U TeTepPONOJIIPHbIE TIPYNNbl. YCTAHOBJIEHO, 4YTO arerar 3-
aMIITETparuiponupan-4-oia MOpPOSBISET OJHOBPEMEHHO MOIUQUIMpYIOIlee JACHCTBUE U BCIICHHBAIOIIYIO
CIIOCOOHOCTb.

YuuteiBasg TOT (akT, YTO B YTOJIHHOM CEKTOPE HET HOBBIX PBHIHKOB MOTPEOJICHUS MU UX
pocT OyneT KpailHe MEUICHHBIM, MEPCIEKTHBA POCTa CIpoca YIS COCTAaBISIET — OKOJIO 1% B o
[1]. B 9Toii CBSI3U CTAHOBATCS AKTYaJIbHBIMH BOIPOCHI TOBBIINICHHUS KAa4eCTBA M PACIIUPEHUS
ACCOPTHMEHTAa BBIMTYCKAEMBIX YIJICH HE TOJBKO KaK TOIUIMBA, HO M KaK CBHIPhS ISl XUMUYECKOU
MPOMBIIIJICHHOCTH. YUHTHIBas TOT (haKT, YTO KOJMYECTBO JOOBIBAEMBIX KAaYECTBEHHBIX YTl
YMEHBIIIAETCS ¢ KAKIBIM T'OJIOM, TO POCT 00bEMOB JOOBIYM MOXKET OBITh JIOCTHTHYT TOJIBKO 32 CUET
pa3paboTKu MECTOPOKACHHUI TPYAHOOOOTaTUMBIX BHICOKO30JIbHBIX yriieH [2].

[TosToMy, mpobiema oOOTalIeHHsT TAaKOTO poAa YIJed MpeacTaBiseTcsl Kak OCHOBHOE
HampaBlIeHWE Pa3BUTHUS MPOU3BOJCTBEHHOIO TMOTEHIMAla YTOJbHBIX OacceiiHoB. B HacTosiee
BpeMs Ha Yrieo0OTaTUTENbHBIX (PabpuKax HCIONB3YIOTCS TPaBUTAIIMOHHBIE U (PIOTAIMOHHBIC
MeToNbl oboramieHusi. J{ns mpuMeHeHus ¢GiaoTalMy, HECMOTPsS HA TO, YTO YTOJb OTHOCUTCS K
HETIOJISIPHBIM MUHEpaJIaM C BBICOKOW €CTECTBEHHOW THUIPOPOOHOCTHIO, HEOOXOAMMO T0H00paTh
COOTBETCTBYIOIIME peareHThl. OAHako MoAOOp peareHTOB dYalle BCEro HOCUT AMIIUPUUYECKUI
XapakTep ¥ He UMEET JIOCTATOYHOTO TEOPETHIESCKOT0 000CHOBaHUS. B CBSI3M ¢ 4eM, B COBPEMEHHBIX
WCCIIEIOBAaHMIX, HAMpPABICHHBIX Ha MOBBIIICHHE I(PPEKTUBHOCTH (IOTAIMKM KAaMEHHBIX YIJIEH,
0co00e BHUMAaHHUE YJCISICTCS HCIOJIb30BAHUIO PEareHTOB-MOIU(HUKATOPOB, UMEIONINX B CBOEM
COCTaBe, aroJIsIPHBIC ¥ TETePOIOJISIPHBIC TPyIIb [3].

[TosTOMYy 1Enb MPOBEICHHOTO HWCCIEIOBAHUS 3aKI0Yanach B CHHTE3€ MPOU3BOIHBIX 3-
aMIT-TETparuIponupaH-4-oa, COAEPKAIIETO B CBOCH CTPYKType amoJIIpPHBIA U TeTEpONOISPHBIN
(dparMeHTBl, W €ro HWCIOJIb30BaHHE B KadecTBe (UIOTAIMOHHOTO peareHTa JUisi 00OTameHHs
BBICOKO30JIbHBIX YTIIEH.

OnHMM W3 OCHOBHBIX HAIPaBIICHUH CHHTE3a IMPOW3BOJHBIX 3-aJKUJITETparuaponupan-4-
OJIOB SIBIIICTCSl PEAKIHUS OKCUMETHIMPOBAaHHUsS alKeH-1-0B B YKCYCHOW KHUCJIOTE B MPHUCYTCTBUU

CHUJIBHBIX KHUCJIOT.
OCOCH;,

C/H
HAG, H' 7M15

C7H15CH2CH:CH2 +2 CHzo B HZO
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M3BecTHO, YTO B KauyecTBE KaTajgu3aTopa OKCUMETHUIMPOBAHUS NPUMEHSETCS CepHas
KHCIIOTa, TPU(DTOPYKCYCHASI KHCIIOTA, TaJOreHBOIOPOAbI, XJIOPHIbI aTIOMUHUS, Kene3a. B nanHom
MCCIICZIOBAaHUH YCTAHOBJICHO, YTO MpPU HCIOJIB30BAaHUHM MUKPHUHOBOW KHCIOTHI BBIXOJ| anerara 3-
amuiIteTparuaponupan-4-ona cocraBui 78-85%, B TO Bpemsl Kak IMPH HCIOJB30BAHUM CEPHOMU
KHUCIOTHI BBIXOJ mpoaykra - 70 %. Kpome Toro, 3a cuer mpuMeHEHUS NMHUKPUHOBOH KHUCIOTHI
YaJIOCh COKPAaTHTh BPEMs CHHTE3a TeTePOIMKIMYECKOrO COECIUHEHHUS C JBYX 4YacoB J0O OJHOTO
Jaca.

OOpa3upl  arerata 3-aMuiITeTparujponupan-4-ona ObUTM  U3Yy4€Hbl B  KadecTBe
(JIOTAIMOHHOTO peareHTa JJisi 000TaIleHUsI OTXOIOB YIiIeI00bYH, ¢ pa3MepoM dacTuil MeHee 10
MM.

OnpITEl 110 (PIOTATMOHHOMY OOOTAICHUIO YTOJBHOM MEJOYH IPH Pa3IMYHOM pPacxoje
arierara 3-aMuITeTparuaponupat-4-ona, nposeaeHuble Ha dpakiun -0,8+0,4 MM Toka3anu HU3KKE
nokazarenu 3¢dexruBHocTH (rnotammu (Tabmmua 1), W3 YEro MOXKHO CAENaTh 3aKIIOUYEHHE O
HEJO0CTAaTOYHOM PACKPHITUH 3€pHA YTOJIBbHOTO MaTepualia Ipu JpoOJIeHUH.

Tabnuna 1 — Bnusinue pacxona anerar 3-amunrerparuaponupan-4-omna Ha QIOTaIuo yris

Pacxon BEIXOJI, o W3pneuenne | HM3pneuenue o
pearenTa, /1 % 3051bHOCTB, % somb1, % yros, % DddexTuBHOCTD, %
400 38,25 38,43 28,74 48,2 19,47
600 57,95 38,04 45,19 70,1 24,91
800 61,29 34,21 44,4 76,42 32,02
1200 44,69 37,7 34,59 54,29 19,7
1600 67,06 35,1 52,25 79,22 26,97
2000 48,55 36,36 36,36 60,06 23,71

B 10 e BpeMmsi, onbIThl IPOBEACHHBIE HA KPYITHOCTU yroibHOro Marepuana -0,2+0,08 mm
IIPU OCHOBHOHM ()JIOTALlMU M MEPEYUCTHBIX OMNEpalUsaX MO3BOJMIIA JTOCTUYb W3BJICUYEHUE YIS 10
88,28 %. B ToXe Bpems, ONBITHI C TPAJIUIMOHHBIM cOOMpAaTeIeM B BUJE COCHOBOTO Macia MpU TeX
K€ YCIIOBUAX MO3BOJIMIIM CHU3UTh 30JIbHOCTB TOJBKO 10 33%, MpU U3BIEUEHUH YTIId 0KOJI0 65%.

[Tony4deHHbIE pe3yIbTAThI MMOKA3aJIM, YTO AIleTaT 3-aMHJITETPAruaponupan-4-0J1 IpOsBISIET
OJTHOBPEMEHHO MOJAU(DUIMPYIONIYI0, BCHEHHUBAIOLIYI0 CHOCOOHOCTH, YTO B KOHEYHOM CUETE
MPUBOAUT K TOMY, YTO TETEPOIMKINYECKHE TPOHM3BOTHBIE ATOTO KiIacca COCTUHEHHH MOXKHO
MCIOJIb30BaTh KaK COOMpATeNb B rpolecce (IoTaluH.

Takum o00pa3om, 1O pe3yabTaTaM TIPOBEACHHOTO HCCIEIOBAaHHS MOXKHO —CHenaTh
3aKJIIOYeHHEe O pa3paboTKe HOBOIO YHUBEPCAIbHOTO peareHTa Ha OCHOBE IPOU3BOIHBIX
TeTparuAponupan-4-omna st GIOTAMOHHOTO O0OTalleHHsI BHICOKO30JIbHBIX yriied. B pesynbrare
NPUMEHEHMs aleTaTr 3-aMWITEeTparuJpo-nupaH-4-oa CojepKaHue YIJIepoAHOH ¢pakuuu B
KOHIIEHTpAaTe yAanoch NOBBICUTH 10 90%, 4TO /1enaeT ero NpuBIEeKATENbHBIM Ul UCIIOIb30BAHUS B
XUMHUYECKOH M METaJUTYprHUeCKOi MPOMBIIIICHHOCTH.

References
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IOPEKTUBHOCTDb IPUMEHEHUSA TEPMOI'PA®EHUTA B KAYECTBE
COPBEHTA JJIs1 CBOPA HE®TH

I'.P. Hoican6aeBa, K.K. Kynaiioeprenon

Kazaxckuit HalMOHAIBHBIN YHUBEPCUTET UM. allb-Papabu
gulnur.83.29@mail.ru

AunHoTanusi. JlanHas paboTa MOCBAIICHA HCCICIOBAHUIO OICHKH 3P (EKTUBHOCTH UCTIONb30BaHHS COPOCHTOB
Ui cobopa HedTH. B KauecTBe copOeHTa OBUT HCIOIB30BaH TEPMOTPA(EHNUT, OITYUYSHHBIN IyTEM IIPOCTOIO OKUCIICHUSI.
B 1abopaTopHBIX yCIOBHUAX OBUIM NMPOBEJEHBI IKCIIEPUMEHTHI 10 OLEHKE COpPOLMH HEPTH U MOITYyUEHbI KOJIOCCAIbHbIC
pe3yNIbTaTHL.

Beenenue

OnMH U3 II1aBHBIX JOOBIBAEMbIX YEJIOBEKOM IIPUPOJIHBIX pecypcoB 3To -Hed1s. M3 nannoro
pecypca Mbl HayYWJIMCh IIPOU3BOJUTH IUIACTUK, KPAcKy, BOCK, CUHTETHUYECKYIO PE3UHY, MOIOINE
cpeactBa. MBI yxe Jaxe He MOXEM KUTh Oe3 3Tux Bewedl. Ho rimaBHBIM k€ JTOCTOMHCTBOM
NPOJIYKTa SIBJISICTCS €0 MPUTOJAHOCTh K M3roToBjieHuto Torusa [1-3]. K coxanenuto, y HedhTH ecTb
1 HeocTaTKu. OCHOBHBIM K€ SIBISIETCS CIIOKHOCTh €€ TPAHCHOPTUPOBKH OT MECTa JOOBIYM K MECTY
nepepaboTku. s mepeBo3KM HEPTH MCIONB3YIOT YeThIpe THUIIA TPAHCIOPTa: TPYOOIPOBOIHBIM,
KEJIe3HOJOPOKHBIN, aBTOMOOUIIbHBIN, BOAHBIN [3,4]. XOTh JaHHBIE CHOCOOBI U CTAlIM JOBOJBHO
0e30MacHbIMM, HO Majas JI0Jsl pUcKa Bce elle npucyrcrByeT. [loatromy asis yMmeHblIeHHUS Bpeaa
IIPY BOBHUKHOBEHUHU aBapUUHOW CUTYyallMHM ObUIM MPUIyMaHbl pa3InyHbIe ClIeUAIbHbIE BELIECTBA,
TaK Ha3bIBaeMble copOeHTamu [5,6].

JKCNepUMEeHTAIbLHAS YaCTh

Jlis  mpuroTtoBieHuss TepMmorpageHuTa HCIoNb30BaluCh npupoiaHsiii  rpadut (I
3aBajMeBCKOr0 MecTopoxkaeHus Ykpauubl, Mapku ['TO-92 cocrout u3 92,8 mac.% yraepoma. A
TaKXe UCIOJIb30BAIUCH KPUCTAIUIOTUAPATHI COJIEN METaJIOB.

Jns onpenenenus aacopOuUuMu HEPTH W CBSA3aHHBIE CBOMCTBA MPUPOAHOrO TpaduTta U
TepMOpacIIupeHHoro rpadura. IM3ydeHo BIUsSHME BpPEMEHHM KOHTAKTa Ha COPOLMOHHBIE
CIOCOOHOCTH MPUPOIHOTO rpaduTa U TepMorpapeHuTa.

Pe3yabTaThl U 00Cy:KIeHUS

V3 TmoJNydeHHBIX JaHHBIX, MOXXHO JIaTh OOBSCHEHHS 9TO C YBEIUYCHHEM
MPOJIOJKUTENIFHOCTH KOHTaKkTa OoT 1 10 5 mMuH copbumst HedTu noseimaetcs ot 0,5 mo 0,53 r/r.
JlanmbHeliee yBETUYCHHE TIPOJIODKATEIPHOCTH KOHTaKTa HE IMPUBOJAWT K 3aMETHOMY POCTY
s dextuBHOCTH copOumu HedTu. OTCI0a BUAHO, YTO ONTUMAIbHOE BpeMsi KOHTaKTa COpOEHTa C
He(ThI0 cocTaBmsieT 5 MuH (Pucynoxk 1).
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Pucynok 1 — CopOuus He)TH C TOBEPXHOCTH BOJIBI C IIOMOIIBIO TepMorpadeHnTa:
CTaHJapTU3UPOBAHHBII TECT

Hacpimenne wuccnenyeMbpix copOCHTOB HE(THIO B 3aBHCHMOCTH OT BPEMEHHM KOHTAKTa
IpUBEJCHbI B Tabnuue 1.

Tabmuua 1 — 3aBUCUMOCTh IPUPOJHOTO IpaguTa OT MPOJOIKUTEILHOCTH €ro KOHTAKTa C
HePTENPOIyKTaM

Bpewms KomuuectBo, r CopbupoBanHoe
copOIMH, MUH KOJINYECTBO, T
[Tpupoauslii rpadur HePTh HEPTH

1 1,0 30,0 0,5

5 1,0 30,0 0,53

10 1,0 30,0 0,47

15 1,0 30,0 0,5

20 1,0 30,0 0,51

25 1,0 30,0 0,53

Boicokuii ypoBeHb He(TENOIIOUIEHUS] MOKET OBbITh CBSI3aH C HaJluyueM B OOJIBIIOM
KOJINYECTBE MAKpOIOp B COpOEHTE, OJJHAKO, C JAAJbHEHIINM MPOTEKaHUEM BPEMEHH, MPOUCXOAUT
MOTJIOLIEHNE HEOOIBIIOT0 KoMuyecTBa HepTU. ITOT 3PPEeKT MOXKET ObITh CBSA3AH C afcopOLuel Ha
MOBEPXHOCTHU, KOTOPBIE 3aT€M HAUMHAIOT IPOHUKATh BO BHYTPEHHHE MUKPOIIOPBI.

B pesynmerate wmccnenoBaHWsS YCTAHOBIEHO, YTO TepMorpadeHuT oOmagaer BBICOKOM
IUTaBy4eCTbl0  OOYyCIIOBJIEHA MOPHUCTOCTHIO, PA3BUTOM B Tmpolecce TepMmoynapa. TepMmoyaap
HeoOxoauMma Uil MpUAAHUS THUAPOPOOHOCTH TEpMOpACHIMPEHHOro rpaduTra U YyBEIHUEHUS
copOuuonHoi eMkocTH. CopOeHT TepMorpadeHUT Ui Kak ero eue Ha3piBatoT TPI', npencrasnser
co0oif  mopomKkooOpa3Hbeld TrpagUT C MaKpoNIOpUCTOM  CTpykTypoil. Hmeer xoporiue
abcopOupyrole XapakTepUCTHKH, Bcero | rpamm copOeHTa MokeT moriaotuth 0,53 rpamm
HedrenpoaykToB. O6mamaeT abCOMOTHON TIABYYECTHIO, MOXKET JCP)KATHCS HA TIOBEPXHOCTH BOJIBI
10 4-X HEN.
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BJIMSAHUE MATHUSA HA ITPOIECC TOPEHUS T'A3OT'EHEPATOPHBIX CMECEM

A.E. Bakkapal?, H.H. Moga?, 5.C. Caapikos'?, 3.JI. Cyaranosa?, 3.A. Mancypos'?

Mucruryt npobnem ropenus, Anmatsl, 050012, Kazaxcran
?KasHY umenu anp-Papabu, Almaty, 050040, Kazaxcran
e-mail: bakkara_ayagoz@mail.ru

Meramueckue NOPOIIKM SABISAIOTCS OJHOM M3 BaXXHEHIIMX KOMIIOHEHT TOPIOYHX
KOMIIO3ULMI pa3IMYHOrO COCTaBa M Ha3HAYeHUsA. B HEKOTOpBIX TOIUIMBAX, IPEXAE BCEro
OaJUIMCTUTHBIX,  YaCTHIBl  AJIOMHHHS  M3-32  HU3KOH  OKHCIUTEIBHOH  aKTUBHOCTH
KHUCJIOPOACOAEPKAIIUX IPOJTYKTOB TOPEHHsI BOCIUIAMEHSIOTCS ¢ OOJIBIION 3a/Iep’KKOM 10 BpEMEHHU.
B Takux ciydasx HCHOJNB3YIOT MarHuii WJIM €ro CIUIaBbl C aIOMUHHUEM, YaCTHUIbl KOTOPBIX
BOCIIJIAMEHSIOTCS ObICTpee, 4YeM aJIFOMUHUI U CrOpParoT MOJIHOCTBIO.

Jl1s KCIepUMEHTOB UCHOJb30Bajcs Nopoiok Maruus mapku MPF-3. Beina uccienoBana
MHUKPOCTPYKTYPa UCXO/AHBIX YaCTHI] TOPOIIKOOOPA3HOro MarHus. Pe3ynpTaTbl MUKPOCTPYKTYPHOTO
aHaJIM3a UCXOAHOro nopouika maraus Mapku MPF-3 nokazanu (pucyHok 1), 4TO yacTHIIBI MarHus
UMEIOT yellyiyaryro GopMmy, a CpeHui pa3mep yacTul oopasua npesbimaer 200 MKM, IPH 3TOM
TOJIIIMHA Yenryek okoyio 20 MKM. Y aenbHast TOBEPXHOCTh TaKUX 0Opa3IloB, COTIACHO pe3yjibTaTaM
metoma BOT, cocrapnser 0,181 m%r. Pesynbratei EDX aHanmsa MOKa3bIBAalOT NPHCYTCTHE B
MarHuu 2,26% kuciopona, T.. HAJIMYKME Ha MOBEPXHOCTH YaCTUIl OKCHAHOW TeHku. OjHako,
peHTreHo(a3oBblil aHaIM3 HCcXogHOro MarHusi MmMapku MPF3 mokaszan, 4to B ero cocrase
npucyrctByet 9,6% Mg(OH)z2, T.e. MOBEpXHOCTh YaCTHII HOKPHITA TUAPOKCUIHON TUICHKOH .

MexaHnueckoe HU3MeNbYCHHE MeTaJuIMdeckux dactul MQ 3arpyqHeHO U3-3a  MX
mwiacTuyHocTu. [l olserdyeHus mpouecca JAWUCIEPrUpoBaHUsS JOOABISIOT TOBEPXHOCTHBIE
aKTHBHBIE BEIIECTBA, HANpUMeEp, CTEApUHOBYIO KHCIOTY, TpaduT M [Apyrue OpraHuuecKue
coenunenus. Tak, mpu o0paboTke MarHusi ¢ jgoOaBkamu Tpadura obierdaercs mpolece
JMCTIEPTUPOBAHMS, a TAKXKe MPUCYTCTBUE TpapuTa B CMECH C METAJIJIOM SIBIISIETCS MOJIOKUTEBHBIM
(akTopoM IpH MOCIETYIOIIEM LEIEBOM HCIIOJIb30BAHUM, HAIIPUMEP, B COCTAaBE SHEPreTHUYECKHUX
KOH/ICHCUPOBAaHHBIX CHCTEM. Takum oOpa3oM, MoaudUKanus MOBEPXHOCTH MeETAUIMYECKHX
HaHouacTHl] rpadgurom npu MXO, ocyuiecTBiseTcs HE TOJBKO C IIE€JbI0 3alllUThl METajaa OT
OKHUCJIEHUS, HO M JJI TOBBIIIEHHUS JHEPrOEMKOCTH IIOJIYYEHHONH KOMIIO3MIIMOHHONW CMECH.
Mexanoxumuueckyro 00padbotky (MXO) mopomkoB HPOBOAMIU B IEHTPOOEKHO-TNIAHETAPHOM
menbHune HIIM «lyneBepuserre 5» (npousoautens — FRITSCH) ¢ o6bemoM kaxmoil paboueit
kamepsl 500 Mm%, ckopocTs Bpamenus maaThopmsl 400 0GOPOT./MHH, YCKOpPEHHE IBMKEHHS
pa3moibHbIX mapoB 40g, moTpebnsiemas MouHOCTh 3Hepruu 1,5 kBt/u. MXO mnpoBogunu B
atMocdepe BO3AyXa MPH COOTHOIIEHWH mopomnok/map (Mp/Mm) = 1/4. Tlpu usmenbueHun
BapbHPOBAJIOCH KOJUYECTBO BBOAUMOM Moquduimpytromiei nooasku (5-20%).
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Pucynok 1. DIIeKTpOHHO-MUKPOCKOITUYSCKUE CHUMKH, SHEPTOIUCIICPCHOHHBINA CIICKTP U
MaccoBas 10JIs 3JIEMEHTOB MarHust Mmapku MPF-3

Bpemss  o6pabotku  coctaBmsmio  He Oomee 20  MHHYT, UYTOOBI  UCKJIIOYHTH
camoBocIUIaMeHeHne. BpiObop ontumansHoro Bpemenn MXO Obu1 00yCIIOBIEH pe3yJsibTaTaMu
paHee TMPOBOAMMBIX HccienoBaHuil. YToObl MNpPeAOTBPAaTUTh OKUCICHHE YacTHI[ MarHus
KUCJIOpoIoM Bo3ayxa mocie MXO u OIeHUTh HW3MEHEHUs, JICHCTBUTEIBHO CBS3aHHBIC C
MEXaHHYECKUM BO3JICHCTBUEM, OOpa3Ibl TUCHEPTHPOBAHHON CMECH MacCUPOBAINCh T'€KCAHOM
(CeH14). B pesynaprate MXO Marausi ¢ TpaduTOM YacCTHIBI COXPAHSIOT IUIACTUHYATYIO (opMmy
(pucyHoK 2 B). Y enbHas moBepXHOCTh Aiisi yactuil kommosuta (Mg 80%+C 20%) noBeimaeTcs 10
16,383 wm/r. Pesynpraret EDX amammsa 3JeMEHTHOTO cocTaBa dYacTul kommo3utoB Mg-C
nokasaiu, 9ro nocie MXO maccoBast 107151 aTOMOB KHCIIOpo/a moBbimaercs, Tak st (Mg 80%+C
20%) oHna coctaBisieT 6omaee 6% (pucyHOK 2 1).

clledax32\genesis\genmaps.spc 18-Feb-2016 03:58:03
LSecs: 13

7 ] Element Wit% At%
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PucyHok 2. DieKTpOHHO-MHUKPOCKOITMYIECKHE CHUMKH, SHEPTOAUCIIEPCHOHHBIN CIEKTP U MacCoBast
noust snemeHToB B kommosute (Mg 80%+C 20%) mocine 20 munyr MXO

CrnenoBarenbHO, Ha MOBEPXHOCTU 4acTUl] MarHus nocie MXO TomuHa OKCHIHOTO CIIOS
pacreT. OHAKO IO pe3yabTaTaM PEHTreHO(a30BOro aHaIM3a Ha MOBEPXHOCTH YaCTHIl 00pa3yroTcs
HH OKCHIBI, @ THIPOOKCHJBI, KOJMYECTBO KOTOPBIX MOXeT nocturatb 15% (pucyHok 3).
Hcnonp3oBanue rpadura npu MXO Maraus cOrjacHO BCEM aHAJIM3UPYEMbIM XapaKTEPHUCTUKAM,
CIOCOOCTBYET M3MEHEHHIO MOP(OJIOTUU U CTPYKTYPhI 4acTUI[ MPU (POPMUPOBAHMH KOMIIO3UTOB
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metai/yrinepon  (Me/C).  HaOmromaembie  W3MEHEHHMsT — pa3Mepa  YacTHUIl  MAarHus,
MoaupuIMpoBaHHbIE OpraHudeckoi ao06aBkoil (rpadut) mpu MXO, saBisercs CIeACTBHEM TOTO,
qTO B (I)OPMI/IpOBaHI/II/I MOBCPXHOCTHOI'O CJIOA 4YaCcTULl BO BCCX PACCMOTPCHHBIX CIIy4dasax
3HAQUYUTEIIBHYIO POJIb UTPAET YIIIEPO, TaKKe Aucneprupyemsiid B nporecce MXO.

1,901,
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Pucynok 3. ludppakrorpamma obpasua (Mg 80% + C 20%),
nociie 20 munyt MXO

CrpykrypHble u3MeHeHHss npu MXO wuccrnemayempix Komro3uToB Me/C mpuBOIAT U K
M3MEHEHMIO MX XMMUYECKON aKTUBHOCTH, YTO HAIJIAIHO MPOSBIsAETCS B Mpoliecce TBEpAodha3HOro
ropeHus (T.e. B peXHUME CaMOpPacCIpOCTpaHSIOIIErocs BbicokoTeMneparypHoro cunresa - CBC)
CMECH MarHueBOrO IMOPOIIKA, KaK FOPIYEro, C JUOKCHIOM KPEMHHMs, UCIOIb3yeMOr0 B KauecTBe
OKHCIIUTEJISL.

6
Pucynok 4. DIeKTpOHHO-MUKPOCKOIUYECKHE CHUMKH YaCTHI] MAHUSA B HCXOTHOM COCTOSIHUH (a) U
B kommosute (Mg 80%+C 20%) mociie 20 munyt MXO (0)

-  _ _ _____________________________________________________________________|
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Pucynox 5. Tepmorpammel ropenusi cucrem (SiO2+M() B HCXOTHOM COCTOSIHUM U 11ociie 20
muHyT MXO C pasubiM koiauuectBoM rpadutaSiO2+(Mg/C);
1-Mgucx;2-5%; 3—-10%; 4 -20 %C

s emecu kBapiia ¢ kommnozutoM (Mg/C) mocne MXO cHuxkaeTcss HHAYKIIHOHHBIH PO/
3a)KUTaHMS U MOBBILIACTCS TEMIIEPaTypa M MPOAOIDKUTENLHOCTh ropeHus cMmeceii ¢ SiO2 (pucyHok
5). IIpoyKThl TEXHOJIOTUYECKOTO TOPEHUSI 00PA3I0B, TOPIOYUM KOMIIOHEHTOM KOTOPBIX SIBIISICTCS
koMno3utT (M@/C), UMEIOT HU3KHI MOKa3aTelb MPOYHOCTHBIX XapaKTEPHCTHK H3-3a IMOPUCTOH,
PBIXJION CTPYKTYpbl 00Opa3loB. JTO OOYCIOBIEHO TEM, YTO TOPEHHE IMPOTEKAET MOCIOWHO U B
OO0JIBIIIOM KOJIMYECTBE 00pa3ytoTcs ra3000pa3Hble MPOIYKThI CHHTE3A.

Pesynbratel ucciaenoBanus mnokazanu, 3PGEKTUBHOCTh JAHHOTO METOJA JJISi TOBBIIICHUS
TEPMO-KMHETUYECKHUX XapaKTEepUCTHK TIpoliecca TOpPEeHMs, a TakkKe OMNpeeNieHbl YCIOBUs
MOJITOTOBKH TOPIOYETO MaTepHalia W TPOBEICHHs IpoIlecca TOPEHUsS, NMPH KOTOPBIX BO3MOXKHO
oOpa3zoBaHue B OOJbIIOM 00BEME Ta3000pa3HbIX MPOJIYKTOB cuHTe3a. Ilociennuil ¢akt nmeer
Ba)XHOE 3HAYCHUE MPH UCIIOIH30BAHUH MOTYYSHHBIX HAHOCTPYKTYPHPOBAHHBIX KOMIO3uTOB MQ/C
B COCTaBe TOpIOYMX CHCTEM, IpeJHa3HAueHHbIX, HANpUMep, UId Ta30reHepaTOpOB WU IS
BCITYYMBAHHUS M TIOJMYYCHHS TIOPUCTBIX CHUCTEM ONPEACICHHOTO Ha3zHadeHUs. Takwe KOMITO3UIIHH,
KaK MPaBHJIO, TIPEACTABIISIFOT OO0 reTepOreHHbIe KOHICHCHPOBAHHBIE CHCTEMBI.

e ———————————
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HCCJEIOBAHHUE CTPYKTYPHBIX CBOMCTB OKCHJIA IUHKA JIJETUPOBAHHBIX
PEAKO3EMEJIbHBIMHU 3JIEMEHTAMMU ITOJIYYEHHBIX 30J1b-I'EJIb METOAOM

A.E. Kemeatekonal, .M. Myxamenmunal, K.A. Muts!, B.A.Momnukos?

'KasHUTY um. CatnaeBa, ®U3HKO-TeXHHUECKHil HHCTUTYT, T. AmMathl, Kazaxcran
2 b b
2Cankt-TleTepbyprekuii rocy1apcTBEHHEIH AMeKTpoTeXHIIeckuil yrusepeutet «JITHU»
uM. B.W. Yabsuosa (Jlennna)», Poccus

AHHOTAIMA

B Hacrosmell paboTe HCCIEAYIOTCS CIOM OKCHJA LIMHKA, JIETMPOBAaHHBIE €BPOIHEM.
Jleruposannsie muenku ZnO (ZnO:Me:RE®*" ) na cTekie ObUIM H3rOTOBIEHBI C MOMOMIBIO 30ITb-
rejb TEXHOJOIMM METOJOM LeHTpu¢yrupoBanus. IlnenkooOpasyromuii pacTBOp TOTOBMIICS U3
alierata IMHKA, KOTOPBIM 3aJMBaJiCid 3TaHOJIOM U nepeMemuBaicsa. Ilocne HaHeceHus 30511 Ha
MOBEPXHOCTH IUIACTHUHBI 00pa3Lbl OT)KUramuch mnpu temmneparype 400° C ¢ BeiAepKKoil B TeueHue 1
qaca.

[Inenxn ZnO UMEIOT MHUPOKOE MPUMEHEHUE B ONTONIEKTPOHUKE, B YACTHOCTH, B IIPO3PAYHO-
MIPOBOSIINX JIEKTPO/IaX B CBETOINO/AX, INIOCKUX MaHEJbHBIX JUCIUIESX U COJHEYHBIX dJIEMEHTaX
(C3) [1]-[3]. OT0 cBsA3aHO ¢ TaKUMHU CBOMCTBAMH OKCHIA ITMHKA, KaK BBICOKHI KOX(h(UIIUEHT
MPOIMyCKaHUsl B BUAMMOM 0OJAcTH CHEKTpa M XOpoIllas 3JEeKTPONpoBOJHOCTH [4]. Bricokas
IIPOBOJIUMOCTh CBsI3aHa CO CTEXHMOMETPHUEH MIEHKH U HAIUYHEeM BHYTPEHHHUX J1e()eKTOB KpUCTaIIA.
BBeneHne B KpUCTAIIIMYECKYIO CTPYKTYPY IJICHKU Pa3IUYHbIX IPUMECEH MPUBOAUT K U3MEHEHUIO
KaK ONTHYECKUX CBOWCTB, TaK W DIIEKTPUYECKUX CBONCTB IuieHkH [5]—[7]. JlerupoBanue ZnO
SBJIIETCS Ba)XKHBIM HAIIPaBICHUEM B HCCJIEIOBAaHUU ONTHYECKUX M DIIEKTPUYECKHX CBOMWCTB,
HUMEIOLIEE PELIAIOLIEe 3HAUEHUE Ul IPAKTHUYECKOTO INpUMEHEHMsI 3Toro marepuana. Cpenu
JETUPYIOIIUX MpUMeceil ocoboe MecTO 3aHMMAIOT MOHBI peako3emMenbHbIX HOHOB (P3U), koTophie
00J1aJ]al0T YHUKAJIBbHBIMU 3JIEKTPUYECKUMHU, ONTUYECKUMH U JIFOMUHECIIEHTHBIMU CBOMCTBAMU JIJIst
CaMbIX pa3NWyHBIX npuMeHeHud [8], [9]. B Hacrosmme Bpemsi marepuaisl, jJerupoBanueie P3U
AJIEMEHTAMU WHTEHCUBHO UCCIIEYIOTCS, B YACTHOCTH, Kak MaTtepuainbl nis (oronuku [10], [11].
Haubonee cyniecTBeHHbIMH MEXaHU3MaMH, MOHIKAOMIUMU 3((EKTUBHOCTh  KPEMHHUEBBIX
COJIHEYHBIX DJIEMEHTOB, SIBJISIFOTCSI HEIIOJIHOE IMOIVIOUIEHHE COJHEYHOTO CIEKTpa U TepMallu3alius
(OTORNIEKTPOHOB, BO30YK/IEHHBIX (POTOHAMM C SHEPTUEH, CYLIECTBEHHO MPEBbIIIAIONIEH TUPUHY
3alpEIIeHHON 30HBI MOIYIPOBOAHMKA. J[Ba 3TUX MeXaHM3Ma OTBETCTBEHHBI 3a MOTepro mouTH 50%
coimHeuHol sHepruu. OAHUM U3 CIIOCOOOB MMHHMMHU3AIMM MOTEph sBIseTcs Oosiee 3PheKTHBHOE
HCIIOJIb30BAaHUsl COJIHEYHOTO CIIEKTpa, KaK HaIpUMep, B TaHAEMHBIX COJHEUYHBIX dJeMeHTax. Eie
OIMH crnocod — 3To TpaHCHOPMHUPOBATH IIUPOKUM COJIHEUHBIH CIEKTP B CHEKTP C Y3KUM
pacripenienieHueM (pOTOHOB MO PHEPTUU BOJIM3U ONTUMAIILHOTO I KOHKPETHOTO MOJYITPOBOIHUKA
3HaueHus [12]. KpemuueBbie (oTodmeMeHTh 3(h()EKTHBHO MPeoOpa3yloT SHEPTUI0 COTHEYHOTO
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U3IY4YeHUsT BUAMMOTO H OmwkHero wuH(pakpacHoro auama3onoB (500-900 um). Hwmeercs
BO3MOKHOCTH TTOBBICUTH KII/] hoToanmementa B obmactu Hrke 500 HM u Beime 900 HM.

B wmomeidimux C3D mnossimenue KIIJI pocturaercss 3a cueT paclidpeHusi CHEKTpa
«IEHUCTBEHHOT0» COJHEYHOTO HW3JIydeHus. lpaes KOHBepcHMM MJIMH BOJH H3JIyY€HUS B
(OTO3NEKTPUYECTBE 3AKIIOYACTCI B BO3MOXKHOCTH, HCHOJNB3Yys HEOOXOAWMBIE MaTepHalbl,
U3MEHUTh COJIHEYHBIH CHEKTp C TeM, 4YToObl 3aJeicTBOBaTh (DOTOHBI, PHEPTUU KOTOPBIX HE
COOTBETCTBYIOT JIMANa30Hy MOTJomeHus: (GoTodnekTpuueckux npudopos. [lormomenue ¢ortoHa, a
3aTeM HCITyCKaHHE OJHOT0 MM HECKOJbKHUX ()OTOHOB C Oosiee HM3KOM 3Heprueil HasbIBaeTCs
npeoOpa3oBaHUEM C TMOBBIIICHUEM YacTOThI ((POTOTIOMUHHUCLIEHIMS), UIIH «IayH-KOHBEpCHE», B
TO BpeMs Kak IMOIJIOIIeHue ABYX U Ooyiee (POTOHOB, a 3aTeM UCIycKaHHe oAHOro (oToHa c Ooiee
BBICOKOW SHEPTUei Ha3bIBACTCsl MPEOOpPA30BAHUEM C TOHMIKEHHUEM YaCTOTHI, WIIH «ar-KOHBEPCUE»
[13]-[15]. Omun u3 MeTomoB moBbImicHUsT 3PGEKTUBHOCTH COJTHEYHBIX (DOTOIIEMEHTOB CBSI3aH C
HCIOJIb30BAaHUEM MaTepuaioB JiernpoBaHHbIX P3M, KoTOpble XapakTepU3YIOTCS CHIIbHOMN
JTIOMUHEcHeHIe B BuaumoM auamnasone [10]. Takue mpeoOpazoBaTeny COMTHEYHOTO H3ITYUYCHHUS
MCTOJB3YIOT JIIOMUHECIICHTHYIO Cpeay JUIsl M3MEHEHHsI JUIMHBI BOJHBI (JOTOHOB, SHEPTHUS KOTOPBIX
MPEBBIIIACT JOMYCTHUMBIA AMANa30H JHEPrUil MONYMPOBOJAHUKOBOrO mpubopa. JaHHBI MOAXO.
o0azaer psaaIoM IPEeuMYIIEeCTB 0 CPABHEHUIO C IPYTUMH CIIoco0amMu MoBbIIeHus 3 pekTuBHOCTH
comHeuHbIX Oartapeit [16], [17]. Ilpexme Bcero, mnpeoOpazoBaTeny SBISIOTCA BHEIIHUMH
JOMOJTHUTEIBHBIMA ~ MPUCHIOCOOICHUSAMHU, TOTOMY He TpeOyercss MoaupuKamus caMux
dotosnementoB. [IpeoOpazoBarens cnocoOeH MOrJioUIaTh Kak NpSIMOEe, TaK U PacCesTHHOE
U3JIy4YeHHUE, TEM CaMbIM 3HAUUTENBHO MOBBIIIAS UCHOJIB3YEMYIO CIEKTPAJIBbHYIO IIOTHOCTh. OJTHUM
13 YHUKQJIbHBIX MPEUMYLIECTB JAaHHOW KOHIENIUU SIBJISETCA €r0 COBMECTUMOCTh CO MHOKECTBOM
CYLIECTBYIOIIMX TEXHOJOTUH NPOU3BOJACTBA COJHEYHBIX 3JIEMEHTOB, TaK Kak MOIUUIUPYETCS
TOJIBKO MOCTYIAOLIUI CIIEKTP COTHEUHOW SHEPTUu (PUCYHOK 1).

Pucynok 1 - M300paxkeHue miIeHouHOM CTPYKTYpbI, IOTYYEHHON METOJOM 30J1b-T€JIb Ha
CTEKJITHHOM 1o y10%kKe Ha ocHoBe Zn(CH3COO), - 2H,0.

Eme oaHO A0OMONMHUTENBHOE MPEUMYIIECTBO CBSI3aHO C T€M, YTO, MOTJIOMIAs 3HAYUTEIbHYIO
JIOJII0 BBICOKODHEPTUYHBIX (POTOHOB, TpeoOpazoBaTenh OyIeT IMOIJIONaTh W BBICBOOOXKIAEMYIO
TEIUIOBYIO DHEPTHI0. DTO JaeT BO3MOXKHOCTH YMEHBIIUThH TEIUIOBYIO HArpy3ky Ha (DOTODIEMEHT,
TE€M CaMbIM YJy4lllas ero paboTocrnocoOHocTh. K TakuM akTUBHBIM MaTepHallaM MOXHO OTHECTH
mieHkun ZnO, nerupoBanue P3W, HaHeceHHble Ha CTekI0. JlaHHBIE TMJIEHKH MPOSBISIOT
JIIOMUHECIIEHTHBIE CBOMCTBA, 3aBucsmure oT Buaa P31 u cmocoba momydyenust marepuana [20]. st
NnoydeHus: TIeHOK ZnO HCMOJB3YIOTCS pa3iuyHble BUJbI HAIMbBUICHHUS, MOJEKYJSIPHO-Ty4YeBast
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AMUTAKCHUS, OCAKJEHUE W3 Ta30BOM (a3wl, 305b-renb MeTod [21]. 301b-reb METO MONTYYCHHUS
wieHok ZnO uMeeT Takue NPeuMyIIecTBa, Kak IpocToTa 000pyI0BaHUSA, BO3MOXKHOCTh KOHTPOJIS
CTEXUOMETPUYHOCTH IUIEHKH, HH3Kasi CTOMMOCTb, T'MOKOCTb TEXHOJIOTMH, €€ 3KOJOTMYecKas
Oe3onacHocTh. [Ipy cuHTE3e IJICHOK HAa OCHOBE OKCHJA LIMHKA 30JIb-Te€lIb METO/JO0M IOSBISAETCS
BO3MOXXHOCTh YIIPABJIICHUS ONTHYECKMMH W JJICKTPOPU3NYSCKUMU CBoiicTBamMu. B pabote [22]
NoKa3aHbl (OTOIIEKTPUYECKHE CBOWCTBA CIIOEB OKCUAAa LMHKa JjerupoBaHHbIx Er u Tb,
IIOJIyUEHHBIE PpPEAaKTHBHBIM MAarHeTPOHHBIM pPACIbUIGHHEM MHIIEHM U IOKa3bIBAlOUIME HX
BO3MOKHOCTb MCIIOJIb30BAHUS B KAUECTBE AKTUBHBIX CIIOEB ONTORJICKTPOHUKH.

B nannoii pabore OBLIO MPOBEACHO HMCCIEIOBAHUE PEKUMOB OCAXKACHUS IJIEHOK OKCHIA
LIMHKA 30JIb — TeJlb METOJOM, JETMPOBAHHBIX eBponueM. JlaHHBIM CHHTE3 ocaxeHHus olsajaer
TaKMMH TNPEUMYLIECTBAMH, KaK HU3Kas CTOUMOCTb cUHTe3upoBaHHbIX TCO, MX HETOKCHUYHOCTb,
BBICOKAsl TEPMHMUYECKass M XHMMHUYEcKass CTaOWIBbHOCTb, OoJbllas LIMPUHA 3aNpelEHHON 30HBI,
pocToTa OOOpYNOBAaHUS M BBICOKAs OJHOPOIHOCTh MOJIy4aeMbIX OOpa3LOB, YTO IO3BOJISIET
IPOSIBJIATh XOPOILIME ONTUYECKHE XapaKTEepUCTUKM B BUAMMON U OmmkHel mH@pakpacHoil (MK)
00acTsIX.

IIpu orpaboTke 30i5ib — Ireib METOAA AJIS OCAXKICHUS IUIEHOK OKCUJA IIMHKA, JIESTHPOBAHHOTO
€BpONHEM, B KA4eCTBE MOJUIOKEK OBUIM MCIOJB30BAHBI CTEKIISIHHBIC ciaiapl. Cialapl 4HCTHIC,
00e3KUpeHHbIe, 0€3 I[BETa, UMEIOT IMOCTOSHHYIO TONIIMHY, YTO CIOCOOCTBYET HU3KUI qudpakiuu
U UHTEePQEpPEHIIMA CBETOBO BOJHBI, IO3BOJIICT YEIOBEUYECKOMY TJla3y pa3iuyarh OTTEHKU
OKpallleHHbIX KieToK. [lepen mpoBezeHneM cUHTE3a BCE MOAJIOKKHU ObUIM TIATEIbHO OYMUILIEHBI B
JTaHOJE, aleTOHE M O00€3KUPEHbl MpHU KUIISSUEHUU B MOIOLIEM pacTBOpE, COAEpIKalleM
JMCTWUTMPOBaHHYIO BoXy, mnepokcua Bogopoaa (H202, 35%) u ammonus NH4OH (25%) B
cooTHomeHu! 4:1:1 B Teuennun 20 MUHYT 7151 CO3/1aHUS THAPOPUILHON MOBEPXHOCTH.

3omp mpu (opmupoBaHuu IIEHKH ZNO:EU Obul modydeH HyTEM NPUTOTOBIEHUS JBYX
pactBopoB. B ogHom 3 Hux 0,8 1 anerara ruaka Zn(CH3COQO), Obl1u pacTBOpeHbI B 9 M1 3TaHOIa
IpU KOMHATHOW TemIleparype NpH MHTEHCHBHOM IE€pEMEIIMBAHUU Ha IIelkepe opOUTaTIbHOTO
BpamieHusi JIAB-IIY-01 (ckopocts Bpamenust 150 06/MUH) TOCTOSSHHBIM TI€PEMEITUBAHUEM TIPHU
HarpeBe M3roTaBlIMBa€MOro pacTBoOpa B TeueHue 1 — 2 gacoB. Bropoii pacTtBop copepxall HUTpAtT
epporusi EU(NO3)s, TimaTenbHO pacTBOPEHHYIO B 9 MIJI TUCTHILIMPOBAHHOW BOBI. BriociencTBuu
pacTBOpbl C aleTaToM IIMHKa M HUTpara eBponus cMmemmuBainuch. [Ipu Takoil BbICOKOH
KOHIEHTpAllMU alleraTa LUHKAa pacTBOp MYyTHeEN U3 — 3a (OPMHUPOBAHUS KPYIHBIX YaCTHII.
[Tony4yeHne npo3payHOro pacTBOpa JOCTUTANOCh MYyTEM J00aBIEHHUS JBYX Kareilb MOJOYHOMN
kucnotel C3HeOs, mpenmsaTcTByIOMIEH Mmporeccy arperaiid B pactBope. MaccoBas J0Jsl HATpaTa
eBponus cocrasisia 1 ar.%.

3areM pacTBOp 30JIs1 HAHOCUJICS Ha MOBEPXHOCTh MOAJIOKEK. PaBHOMEpHOE pacripeseneHue
30151 Ha TIOBEPXHOCTH MOJAJIOKEK JOCTUTANIOCh MyTEM HaHECEHHs HECKOJIbKMX Karesb pacTBopa Ha
MIOJIJIOKKY, 3aKPEIUIEHHYIO Ha TOPU30HTAIBHOM CTOJIMKE, C MOCIEAYIOIUM BpPaIllEHUEM CTOJINKA CO
ckopocTbto ~ 3600 o6/MuH B TeueHue 2 MuHYT. llocime 3TOro mMOMIOKKM MNOMEUIAINCh B
CYIIMJIbHBIN 1IKa( U BeIAEpKUBaIUCH ipu Temrieparype 130°C B reuenue 20 MUHYT.

[Tocnenyromuii orxur npu temneparype 450°C B teuenne 60 MUHYT B My(deTbHOU IMeUYn
NPUBOAMI K POPMUPOBAHHUIO paBHOMEPHBIX TIIEHOK ZNO:EU Ha MOBEPXHOCTSIX MOUIOKEK.

BrIsiBIIeHO, YTO MOTY4YeHHbIE METOJIOM 30JIb-T€JIb CTPYKTYPhl OKCHUJA LIUHKA JIETUPOBAHHBIN
€BpPOIIMEM C TOJIIMHOM mopsiAka | MKM, IIOJIyY€HHbIE Ha CTEKISHHBIX IOJJIOXKKAX,
XapaKTEepU3YIOTCSl JIOCTATOYHO PaBHOMEPHBIM paclpeesieHUM HaHOOOBEKTOB IO MOBEPXHOCTH.
IIpy >TOM HaAHOCTPYKTYpbl HUMEIOT (pakTaJbHBIA BHJ U COCTOSAT U3 BO3BIILIAIOLINXCSA
KOHCOJIMUPOBAHHBIX U COEIMHSIOMIMXCS MKy OO0 1Mo/ pa3HBIMU yIilaMHU BETBEH C 1MaMETPOM
oko110 900 HM™.
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Takum 06pa30M, HUCCICAOBAHHBIC IINICHKU SABJIAIOTCA HNCPCIICKTHUBHBIMU KaHAWJAaTaMH B
Ka4uyeCTBEC AKTHBHBIX CJIOCB (bOTOI[I/IOI[OB U JayH-KOHBCPTCPOB IJIs ITOBBIIICHUA 3(1)(1)CKTI/IBHOCTI/I
COJIHCUHBIX 3JIEMCHTOB, B HaCTHOCTH, KPCMHHCBLIX.
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IIVIASMEHHAS 'ABUOUKALIUA TBEPJABIX KOMMYHAJIBHBIX OTXOA0B

B.E. Meccepae!, A.B. Ycrumenko?, P.B. Baiimyaaun®, K.A. Ymoerkaianes®

! MucruryT npobnem ropenus MOH PK, KasHY um. ans-®apabu, Peciybnuka Kazaxcran
2 TOO «IInasmatexnukaR&D», HUU 3KkcriepuMeHTaIbHOM 1 TeopeTndeckoii pusuku KasHY um. ans-Dapabu,
Pecny6nuka Kazaxcran, E-mail: ust@physics.kz

B Hacrosimeil paboTe mpencTaBieHbl pe3yNbTaThl TEPMOAMHAMHUYECKOTO aHajdM3a M OIKCIIEPUMEHTOB II0
MOJYYSHHIO BBICOKOKAJIOPUITHOTO CHHTE3-ra3a IJIa3MEHHOH rasuguxanueil TBEpIblX KOMMYHAIBHBIX OTXOZOB. JTOT
ra3 MOXeT OBITh UCIIOJIb30BaH B Ka4eCTBE pabouero Tesa ra3o-TypOMHHBIX U ra30-TIOPIIHEBBIX YCTAHOBOK.

[IpoGiiema mnepepa®OTKM M YHHMUTOKEHHUS TBEPABIX KOMMYyHalbHbIX 0TX010B (TKO)
Pa3IMYHOrO MPOMCXOXKACHUS, BKIOYas MEAMKO-OMOJIOTHYECKHE, IPOJI0JDKAET OCTaBaThCsl BEChbMa
aktyanpbHOW. Ilnma3smeHHast rasudukanus sBiIsIeTCS HauMOOJee TEPCIEKTUBHOW TEXHOJOTHUEH
nepepabotku TKO [1-4]. B Hacrosmeit paboTe npencTaBieHbl pe3ynbTaThl TEPMOIUHAMUYECKOTO
pacueTta M DOKCIEPUMEHTOB IO IOJYYEHHUIO BBICOKOKAJIOPUITHOIO CHHTE3-ra3a IJIa3MEHHOU
rasudukanueit TKO. Xapakrepusiii coctaB TKO: Gymara u kaptoH — 36%, NUILEBbIE OTXOAbI —
21%, crexno — 2%, xene30 u ero okcuasl — 3%, tactmaccesl — 13%, npeBecuna — 5%, pe3uHa,
KOXa U Jpyrue roproyre Bemectsa — 16%, Tekctunb — 2%, kapooHaT Kanbius — 2%.

Pacuersl mnazmenHo#l rasu¢ukanuy TKO BbINOMHEHBI C HCHOJB30BAHWEM IMPOTPaMMBbl
TERRA, nns ciaeayroomux cocTaBOB MCXOAHON TexHosorunuecko cmecu: 1) 10 kr TKO + 4 kr
Bo3ayxa; 2) 10 xr TKO + 1 xr BongHoro napa.

Ha pucynke | mnoka3aHoO H3MEHEHHE KOHLEHTpalMi ra3o00pa3HbIX KOMIIOHEHTOB B
3aBHCHMOCTH OT TemIepaTypbl BO3AyIIHON u mapoBoi razudukauuu TKO. B oboux ciydasx c
yBETMUYEHUEM  TemIeparypbl KOHueHTpauusi cuHTe3-Taza (CO+Hz) yBenmuumBaercss 10
MakcuMaiabHOro 3HadeHus npu Temneparype T=1600 K. ITpu Bo3gymHoi razuduxamuun TKO
MaKCHMaJIbHasi KOHIIEHTpamus cuHTe3-Ta3a gocturaer 82.4% (CO — 31.7%, Hx — 50.7%), a nipu
napoBoit razudukamuu — 94.5% (CO — 33.6%, Hz — 60.9%). KonneHrpaius OKuCIHUTENEH
(CO2+H20) mpu »stoit temmeparype He mpeBbimaer 0.15% (puc. 1a, 6). [lpu panpHeimem
MOBBIIIEHUN TEMIIEpaTypbl KOHLEHTpAlUs CHHTE3-Ta3a HE3HAUUTENIBHO CHMIKAETCS B CBS3H C
MOsIBJIGHWEM B Ta3oBoW (aze atromapHoro Bojopona (H), KoHIEHTpamuss KOTOPOTO JIOCTHUTAET
10.3% npu BozmymrHOM u 11.3% npu maposoit razudpukanun TKO (T=3000 K). Konuenrpanus
Oamnactupyromero rasa aszora (N2) ocraeTcss NpakTHYECKH TIIOCTOSHHOM B TeMIEpaTypHOM
untepBasie 1200 — 3000 K, cocraBmsas 15% (puc. 1a) u 3.4% (puc. 16). Konuenrpauus
xmopucroro Bogopoaa (HCI) mamo wm3meHsiercs B paccMaTpuBaeMOM HHTEpBalle TEMIEPaTyp,
Bapbupysck oT 1.2 no 1.6% B oboux npoueccax. JJo tremneparypsl T=1900 K cepa npezncrasiena
cepoBogopoaoM (H2S), KoTOpeIli TIpH TOBBIMICHUH TEMITEpaTyphbl JUCCOIMUPYET Ha cepy (S) u
aromapubiii Bogopos (H). Ilpu temnepatype Boimie 1600 K B ra3zoBoit (aze mosiBisieTcss XJIOpHI
kaaeims  (CaClp), skeneso (Fe), monokcun xkpemuus (SiO) u xmop (Cl) ¢ cymmapnHoi
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KoHIeHTpauueil menee 1%. 13 cpaBuenus puc. 1 a u 1 6 ciexyer, yTo npu NapoBOi razupUKALIN
KOHIIEHTpalusl CHHTe3-raza Bbimle Ha 12.1%, a KoHIeHTpanus OaIaCTHUPYIOIIEro rasa a3oTra
MeHbie Ha 11.6%.

VYaeneHble 5SHeprosarparbl Ha Ipouecc rasupukanuu TKO Bozpacralor ¢ pocToMm
TEeMIIepaTypbl BO BCEM pacyeTHOM auana3oHe. [Ipu 3ToM ynenpHBIE SHEPro3arparbl Ha MapOBYIO
razupukannio TKO mnpeBplIaloT TakoOBblE HAa BO3AYUIHYIO Ta3u(HUKAIUI0 BO BCEM JHara3oHe
temneparyp. Jnsg onrtumaneHoi Temmepatypel (T=1600 K), npu xkotopoit nocruraercs
MaKCUMaJbHBIA BBIXOJ CHUHTe3-raza (puc. 1), yIelbHbIE DSHEPro3arparbl Ha BO3AYIIHYIO
razudukanuto TKO cocrapnstor 1.92 kBt w/kr, a Ha napoByto razupukanuio — 2.44 kBt u/kr. [Ipu
BO3yIIHO-TIIa3MeHHOM rasudukanuu ThO MoxeT ObITh MOJIy4eH BBICOKOKAJOPUIHHBIA CHHTE3-Ta3
¢ xonuentpamuei 82.4% (CO — 31.7%, Hz — 50.7%), a npu mapo-ria3sMeHHOH razuukamum - ¢
koHneHtpanuei 94.5% (CO — 33.6%, H> — 60.9%). YaenpHas TerjoTra CropaHusi CUHTE3-Ta3a,
MOJIYYEHHOTO TIPH BO3AYNIHOW rasudukanmuu cocrapisieT 3280 KKaln/Kr, a TpH TapoOBOH —
3530 kkas/Kr. TOT BHICOKOKAJIOPHIHBIN ra3 MOXKET ObITh MCIIONIB30BaH B KaueCcTBE paboyero tena
ra30-TypOMHHBIX M Ta30-MOPIIHEBBIX YCTAaHOBOK JUISI TEHEPUPOBAHHS SJICKTPOIHEPrur. OTMETHM,
9TO B Tra3000pa3HBIX W KOHJIGHCUPOBAaHHBIX MPOJIYKTaX Iuia3MeHHol rasupukamuu TKO
OTCYTCTBYIOT BPEIHBIE IIPUMECH.
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Pucynok 1 — 3MeHeHne KOHIIEHTpaluii KOMIIOHEHTOB ra30Boi (pa3bl B 3aBUCUMOCTH OT
TeMIIepaTyphbl Mpolecca BO3AYIIHOM (a) u mapoBoii (0) razudukanuun TKO

Haiinennsle mnapaMeTpbl ¥ BBISBICHHBIE 3aKOHOMEPHOCTH TIpollecca IIa3MEHHON
razudukanuy TKO B pa3nuuHbIX ra3uUIIPYONMX areHTax ObUIA UCTIONB30BaHBI IS Pa3pab0TKH
HKCHEPUMEHTAIbHOM MJIa3MEHHOM YCTaHOBKH.

DKcrepuMeHTanbHble ucciaenoBanusa rasudukanun TKO BBIMOTHEHBI Ha YCTAHOBKE,
OCHOBHBIMH 3JIEMEHTAMU KOTOPOIl SBISIOTCS BBICOKOPECYPCHBIN IMJIa3MOTPOH MOCTOSHHOTO TOKa
HOMHMHaJIbHON MOIIHOCTBhIO 70 KBT M peakTop mepuogndyecKoro AeWCTBUS MPOU3BOIUTEIIHBHOCTHIO
no TKO nmo 30xkr/u [5]. Ilpomecc 1uiasMeHHOM razuduKanuy OpPUKETHPOBAHHBIX WU
MAKETHPOBAHHBIX OTXOJIOB OCYIIECTBIISIETCSI B PEAKTOpPE MPH CPETHEMACCOBOW TeMIlepaType 0
1600 K. B cocraB skciepuMeHTaNbHOM YCTaHOBKH (pHC. 2) KpoMe IIIa3MOXUMHUYECKOT0 peakTopa 4
C BBICOKOPECYPCHBIM IIIa3MOTPOHOM | BXOASAT IMyJbT YIPABICHHS MOIIHOCTHIO IIA3MOTPOHA C
CHCTEMaMM TMOJa4d IUIa3MOOOPA3yIOIIEro BO3AyXa, 3allMTHOTO YIJIEBOJOPOJHOTO Ta3a u
OXJIaXJAIoUed BOJbl B PEAaKTOp M IUIA3MOTPOH, M OYHUCTKM OTXOAALIMX Ta3oB 7.
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OKcleprMEeHTalbHasE yCTaHOBKA OCHAIlEHa CHUCTEMOW oTOopa mpod raza M KOHJIEHCHPOBAHHBIX
MIPOJIYKTOB Tpoliecca miasMeHHon razudukanun TKO mis ux ananusa.

Bpemss mnonnoro unwmkina nepepabotku  TKO cocraBnser 30 mun. B kadecte
ra3u(UIMPYIOIEro areHTa UCIoJIb30BaJICs IIa3MO00Pa3yIOIINI a3 — BO3yX C pacxojaoMm 12 Kr/4.
ITon Bo3deiicTBMEM  BO3AYIIHOTO IUIa3MEHHOTro  (akena opranuueckas 4vactb TKO
ra3upunupoBagach, a HeOpraHudeckas 4YacTh IUIaBWIach W  CKaluluBajlach B 30HE
[IJTAKOOOpa30BaHUS PEAKTOPA.

[Tomyden ra3 crnemyromiero cocrasa, 00.%: CO — 26.5, Ho — 44.6, N>-28.9. Pacxoxnenue
MEXTy SKCIIEPUMEHTOM U PAcueTOM I10 COCTaBYy CHHTE3-Ta3a He mpeBbimaer 16%. B ra3o00pa3Hbix
U KOHICHCUPOBAHHBIX NpPOAYKTax IuiasmMeHHOW rasudpukanuu TKO BpenHsix mnpumeceld He
BBISIBJICHO.

OKCHEepUMEHTAIbHO YCTAaHOBIEHO, YTO B IJIa3MEHHOM pPEaKTOpE KaMEpHOTO THIAa MpU
ONTUMAIIFHOW TeMIepaType yIelbHBIE SHEpro3arparbl Ha BO3AyIHYI rasudukammo TKO
coctaBistoT 1.92 kBT u/kr, a Ha nmapoByto razudukanuio — 2.44 kBT u/kr.

Pucynok 2. Cxema dKCIIepUMEHTAIbHOM YCTAHOBKH TSI IJIa3MEHHOM ra3uuKaimuu JPEeBECHBIX
OTXO/0B: | — TyroBo# MIa3MOTPOH; 2 — Tpyda IS T01aur OPUKETOB C IPEBECHBIMU OTXOJaMu; 3 —
30Ha Ta3uUKaIU APEBECHBIX OTXOJ0B; 4 — MIa3MOXUMUYECKUI peakTop; 5 — KaMepa BhIBOIA
rOpIOYEro rasa u3 peakTopa; 6 — IMKJIOHHAs KaMepa cropaHusi; 7 — OJI0K OUUCTKH OTXOMSIINX ra30B
C PYKaBHBIM (HIIBTPOM; 8§ — PETyIUPYIOLINI Ki1anaH; 9 — BRITSKHOM BeHTUsATOP; 10 - MBUTAaTENh
BBITA’)KHOI'O BEHTUJIATOPA.

Pabora BeImonHeHa mpu (QUHAHCOBOM mMoanepkke MunHucTtepcTBa 00pa3oBaHUS U HAyKd
Pecny6onuku Kazaxcran (BR05236507 u BR05236498)
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UCCIEJOBAHUE ITPOONECCOB I'OPEHUA YI'OJIBHBIX BPUKETOB C
INOJIMMEPAMM

A.A.AxunxkanoBa, ’K.b.KyabsipoBa

Kazaxckuit HarmoHaTBHBIN YHUBEPCUTET HMEHH anb-Dapadu, np. Ans-Dapadwu, 71
aikoshal4@mail.ru

AHHOTANMA

HccnenoBaHbl mporecchl TOPEHUs] OPUKETOB € NMEHOIUIACTOM M TOJMITHICHOM CO CHATHEM TEMIIEPaTYpPHBIX
XapaKTePUCTUK ITHUPOMETPOM. YCTaHOBJICHO, YTO C)KUTaHHE OpHUKETOB C KOMIIOHEHTAMH OpPIaHHYECKOTO
MIPOHUCXOKACHHS MTPOXOJHUT CTYIIEHUATO M HE XapaKTepU3yeTcs CTAMOHAPHBIM pexuMoM. OTpenesieH ONnTUMAaIbHBIA
cocTaB OpWKETOB, MOIACPKUBAIOMINX Temreparypy roperus - 1120°C crnemyromero cocrtaBa: yromb - (0 %,
nosuadTIIeH -30%.

B mHacrosmiee Bpemst OoibliMe MOTEpU MNpU  J00blYE Yried MpUBOAAT K IMOMCKY
JIONOJTHUTENBHBIX BUJIOB paboT 1o nepepaboTKe yroJbHONW MEJIouH, B TO e BpeMs Oypble YT, 10
CBOMM  TEXHUYECKHMM  XapakTEepUCTHKaM HMMEIOT MEHbBIIYI0  IPUBJIEKATEIbHOCTh,  YTO
IpeJoIpeaeNseT UX JAONOTHUTENbHYIO MpenoOpaboTKy, Ma3yT B HEKOTOPBIX CIydasx SBJISETCS
OCHOBHBIM BHJIOM TOILIMBA JUISl TEIUIOBBIX AJIEKTPOCTAHLUMN M Ui HApOAHOIO MOTpeOieHus, B
CBSI3W BO3HUKAET HEOOXOAMMOCTh B CO3/1aHUM OpUKETOB M3 YroJbHOM MeNoud, YTO SIBJISIETCS
aKTyaJlbHOM 3a7aueli B pernoHax no gooerue yris [1]. Ilpobnema OpukeTupoBanus yriei siBiaseTcs
OJTHOM M3 BaKHEHIIMX AJII MHOTHUX IPEINPUITHHA YTOJIBHOM MPOMBIIIJIEHHOCTH. bprkeTupoBanue
MO3BOJISIET YTWJIM3HPOBaTh HEBOCTPEOOBAaHHBbIE MENKHE (PAKIUHU YIJId, YIYYIIUTh B pE3yibTare
OpUKETHpPOBAHUS KAuyeCTBEHHblE M  TEIUIOTEXHUYECKHE  XapaKTepUCTUKU TOIUIMBA  MpPHU
3HAYUTEJIbHOM YBEJIMUYEHUU TMOJTHOTHl CTOPAHMS, YMEHBUINTh 3aCOPEHHOCTh OKPY’KAIOUIEH cpeibl
[2-4].

Ha ¢one cnoxuBiieiics cuTyauuu aeuuura TOIUIMBA B pecnyOiuKe M C MOHUKEHHEM
KoJIn4yecTBa 100b1BaeMoil He(hTH, a Takke MOHMKEHHEM 1IeH Ha HeTh 0c000 aKTyaJbHbIM BCTAET
BOIIPOC MOMCKA aJbTEPHATUBHBIX TOIUIMB, B YaCTHOCTH W3 yruid. KomrmiekcHOoe HCIojib30BaHUE
3TOT0 UCKOIMIAeMOI'0 OTKPHIBAET HOBBIE NEPCIIEKTUBBI B Cepe yrIIeXMMUYECKOI'0 CHHTE3A.

B Buzme oObekra wuccinenoBaHUs JUIsl TOJy4YeHUS OpUKETOB M3 YISl M TOJUMEPOB U
HCCIIEIOBAaHMsI CTPYKTYPBl M COCTaBa yried ObuIM BbIOpaHbl yriau mecropoxkaeHus LlybGapkous.
Jlis mpoBeAeHUsS SKCIEPUMEHTOB CMECH TBEPABIX IOJUMEPHBIX OCTaTKOB IPEABAPUTEIHHO
MOJIBEprajii  TepMOOOpabOTKE M 3aTeM COBMECTHO C YIJIEM MPOBOJWIM MEXaHOOOPaOOTKY 10
pasmepa yactuir> 200 Mxwm. [lomydeHHBIE CMeCH THIATENHHO XPAHWINCH C COOJIIOJACHHUEM MEp
IIPEIOCTOPOXKHOCTH € ILENBI0 TNPEJOXPAHEHUS OT OKHUCIIEHHS, BO3MOXHBIX HCTOYHUKOB
3arpsi3HEHUs, KOTOPBIMU MOTYT ObITh PEaKTUBBI, aTMOC(hepa, MbLIb.

KameHHOyTOIBHBIE OPUKETHI OBUIHA MPUTOTOBJIEHBI 10 KIACCHYECKOM TEXHOJIOIUH, KOTOPBIi
COCTOUT U3 MPOLIECCOB U3MENBUYECHUS YIJIsl, CYHIKH €ro 0 ONpPEeIeHHON BIa)KHOCTH, CMELLIEHHUS C
LIEMEHTAaTOpaMM — I[OJIMATWIEHOM M IOJIMCTUPOJIOM, OHHU MPEABAPUTENBHO IOJBEPralkcCh
TEpMUYECKOH 00paboTKe Janee U3MeNb4YaIiCh, CMEIIUBAINCH C YIJIEM U IPECCOBAIINCH.
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Boumn mccnenoBaHbl MpOIECCHl TOPEHUS OPUKETOB C IMEHOIJIACTOM M TOJIMATHICHOM CO
CHITHEM TEeMIEPaTYPHbIX XapaKTEPUCTUK MUPOMETPOM (pUCYHOK 1). YCTaHOBIIEHO, UTO CHKUTAHUE
OpUKETOB C KOMIIOHEHTAMH OPTaHMYECKOTO MPOHMCXOXKACHUS CTYIIEHYaTO M HE XapaKTepU3yeTcs
CTALlMOHAPHBIM  PEXKUMOM, JTO OOBACHSAETCA B3aUMHBIM  BIMSHMEM CTaJAuld  MHPOJIM3a
NOJNOJIe(UHOB M JOrOpaHUs KOKCOBOT'O OCTAaTKa HEKOHAWIIMOHHOTO yris. B 30He ropeHus
OJTHOBPEMEHHO IPOXOAMIM MHUPOJIU3 MONUITUICHA W OKHCICHHE NPOAYKTOB AECTPYKLUU
MaKpOMOJIEKYJ yIJIsA, 32 CYET YEero MOAePKUBAIACH JOCTATOUYHO BBICOKAs TeMIIEpaTypa Bo (ppoHTe
ropenus. Ilpu yBenuuenun conepxkanus nonumepoB 10 30% B ciyyae MONMITHICHOM B CMECH
MaKCUMallbHasi Temreparypa ropeHus cocraBuia 1120°C, a B ciydae NEHOMOJIHUCTHPOJIOM OHA
cocrasuia 800°C.

E —=— rnosfimaTuneH
1000 * normMcTmporn

T(0C)

T s T v T = T b 1

(0} 20 40 60 80 100
t (MmuRn)

Pucynoxk 1. IIpoduins TemnepaTypbl ropeHHst OpUKETOB € MOJIMITHIEHOM U MOJIMCTHPOIIOM

[Tpu ropeHnn cMeceil NOJUMEPOB € YIJIIEM CTPYKTypa BOJIHBI TOPEHMS XapaKTEPHU30BaIach
CHauyaja BBICOKUM TMEpeAHUM (POHTOM TOPEHHS U OTHOCHUTEIbHO IUIABHBIM CHHM)KEHUEM
TEMIIEpPATypbl 3a 30HOM TOpeHMs. B 30HE TropeHus OJHOBPEMEHHO NPOXOAWIN IHPOJIU3
NOJUATUIEHA U OKUCJIEHUE MPOAYKTOB JAECTPYKLUUH MaKpPOMOJEKYNI YyIJIs, 3a CYET Yero
HOAICPIKUBATACH OCTATOYHO BBICOKAs TeMIIepaTypa Bo ()pOHTE ropeHust (PUCYHOK 2).

Pucynok 2 — I'openue Opukera ¢ MOJUITUICHOM

Takum o0Opa3oMm, Ha TIEPBOM OJTale HCCICNOBAHUU OIPEACTCH ONTUMAIBHBIH COCTaB
OpUKETOB, MOJICPKUBAIOIINX Temreparypy ropenus - 1120°C cnemyromiero cocrasa: yroub - 70
%, monuayTuieH -30%, mpu 3TOM clenyeT OTMETHTb, YTO MOJUATUIICH B 3TOM CIIydae MrpaeT pojb
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uHuLMaTopa ropeHus, BeiropaerT npu 500°C u B jpajbHEHlIeM He BIMSET Ha IOAJEP)KaHUE
TeMIIepaTypbl TOpeHUs OpuKeTa.
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UK - CHEKTPOCKOIIMYECKHUE NCCJIENOBAHUA
BAKTEPUAJIBHOMU LHEJIVIIOJIO3bI

B.Y.Paxumosal, K.K.Kynaiiéeprenos!, 3.A. Mancypos U.C.Capunkas’, I A. Cnanosa’,
I'.H.Anu0exoBal

1Kazaxckuii HannoHansHeI YHABEpcUTeT UM. anb—®Papabu, Anmarel, Kazaxcran

AHHOTANHUA

[Ipu xynsTHpOBanuu B cpene Xecmpuna-Lllpamma obpa3yromue MISHKH TOJIUMEPHOTO refist coxepxamue 1%
3TaHoNa ¢ BBIXOMOM 3,7-5,2 v / 1 (cyxoii Bec), bakTepuanbHasi KyJbTypa, Oblia BbLaeneHa u3 obpasios Gluconac-
etobacter xylinus. MK-ciekTpockonusi ¢ HCIIOJIb30BAHMEM 3TaHOJa Ha OCHOBE MeToja (hepMEHTaTUBHOTO THIPOJIH3a
MOJIMMEPOB TI0KA3aja YTO CHHTE3WPOBAHHAs TesieBasl IUICHKA IPEACTAaBISIET COOOH IEIUT0NIo3y. YCTaHOBIEHO, YTO
9TAaHOJ OKA3bIBAET CYHIECTBEHHOE BIMSHUE HA OMOCHHTE3 IEIUTIONO03bI YKCYCHO-KHCIBIMUA OaKTEPHAMH.

KaloueBble ciioBa: OHOCHHTE3, BHEKJETOYHBIC IMOJMMEpBI, OaKkTepuaibHas IEJUTI0JI03a, YKCYCHO-KHCIIBIC
6aktepun, MK-cniekTpockomnus

Beenenue

Cpenu M3BECTHBIX BHJIOB LIEJIIONIO3bI OakTepuanbHas nemttono3a (bL]) 3anumaer ocoboe
Mecto. Obnazas Mo CyIIECTBY TOM K€ XUMUYECKON CTPYKTYPOM, UTO U pacTUTEIbHAs IEJUTI0JI03a,
BIl mnposiBiseT 1Ba OuY€Hb BaXKHBIX KayeCcTBAa - TOHYANIIYI0 IMOPUCTOCTh U MEXAHUYECKYIO
MPOYHOCTh. bakTepuanbHas 1eI0103a TPOAYLHUPYETCS YKCYCHOKUCIIBIMU OaKTEpUSIMHU, SBIISETCS
OouonmerpaaupyeMoil u OuocoBMmecTUMOM. bakrepuanbHas LeNI0N03a B BHJE Telb-TUIEHKU
criocoOHa yzaepkuBaTh Ooibinoe koiaudecTBO Boabl (10 1000% ot cBoelt cyxoil maccsl). I'enb-
rieHkd Bl ncnonp3yrorces B KauecTBE BIAKHOTO aHTHCENTHYECKOTO MOKPBITHS MPU JICYEHUH PaH,
0)KOTrOB M BocmnajeHuid. bnaromaps »tum cBoiictBaM, BI[ Takke BechbMa NEpCHEKTUBHA IS
MOJTyYeHUs KOMIIO3UIIMOHHBIX MaTepHallOB MEAMIIMHCKOTO Ha3HAUYeHUs MyTeM BHECEHUS B Hee
Pa3IMYHBIX JIEKAPCTBEHHBIX CPeACTB [1].

N3BecTHO [2], 4TO MaKpOMOJIEKYJIbI LEJUTI0JIO3bI, MOHOMEPHBIM 3B€HOM KOTOPBIX SIBIISETCS
1emo01no3a, UMEIOT TEHACHLNIO K B3aUMOYIIOPSI0YEHHIO 32 CYET BHYTPHU- M MEKMOJIEKYIISIPHBIX
BOJIOPOJHBIX cBsA3el. COrjlacHO JaHHBIM pPEHTIeHOCTPYKTypHoro anamuza, SEM u TEM
(dbopMHpOBaHHE TPOU3BOJCTBEHHON MOP(HOIOrHYEcKOl CTPYKTYphl TUIEHKH OaKTepuanbHOI
nemnono3bl Gluconacetobacter xylinus (LIGX) Bximowaer oOpa3zoBanue MHKpOGUOPHIUT (COCTOST
MPUMEPHO U3 CEMHU OPHEHTALMOHHO-YIOPSIOYEHHbIX MaKpOMOJIEKYN IIeJIII0JI03bl); Janee
pa3BUBAETCA YHOPSIOUYEHHE O3TUX MHUKPOPHOPUIUT B MakpOpUOPHIUIBI, MOCIETHHE CO3al0T
YIOPSAAOYEHHBIE JIEHTHI ¢ HAHOKaHAJIaMU MEX]1y HUMH.

Bcenencreue koHopMaoHHBIX cOOEB B MPUCOEIMHEHUN 3BEHbEB LIEIJIO0MO3bI B IIpoliecce
O6uocuHTe3a, MUKPOQUOPUIUIBI COCTOST U3 YEPEeNyIOIIMXCS KPUCTAIIIUTOB U aMOP(PHBIX Y4aCTKOB,
«HEO0OXOAUMBIX» B YIaKOBKe MUKPOQHOpHUILI, 4TOOBl 00eCeunuTh THOKOCTh B IMPOCTPAHCTBEHHOM
MOP(OJIOTHUECKON CTPYKTYPE LEIITHOI03bI.

JKCIepUMEHTAJIbHAA YaCTh
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buocunmes nnenku 6akmepuanbHou Yeanton03sl U OYUCTKA

Jlis mpuUroTOBIEHHUS BHEKJIETOYHBIX IIOJMMEPOB CHHTE3 OCYUISCTBIISUIM B IKUIKOM
nurarenbHol cpeae Xecmpuna-Llpavma (rmoxo3a -2 %, nentod — 0,5 %, IpOKKEBON SIKCTPAKT —
0,5 %, narpuii ochopHokucHbIl ABYX 3amenieHHbIH — 0,27%, numonHas kuciora — 0,15 %), a
Takke B MOAU(DHUIIMPOBAHHOW cpene, coaepxkaiieid JonodHuTenbHO 1% staHona. [lutaTenbHbie
Cpellbl CTEPMIIM3HPOBAIN B aBTOKJIaBe B Teyenue 30 mMuHyT mpu Temmneparype 120°C. Buocunres
poBoAWIHN B Tedenue 7-10 cyTok mpu Temneparype 25-30°C B cratmueckux yciosusx. Baecenue
B cpeny Xecmpuna-Lllpamma 1% >3TaHona CTUMYIUPYET CHUHTE3 MOJUMEpa, TONIIMHA MOJUMEpa
3HAUYUTENILHO yBeJIMYUBaeTcs U gocturaet 20-25 mm.

Jlns o4yMCTKH TUIeHKH OakTepuaibHOM wnemtrono3bl Gluconacetobacter xylinus (LIGX)
nomemanu B 0,1 % pacteop NaOH u mpoxunstwm B teuenne 30 muHyT Tipu Temneparype 80-
100°C. Tlo OKOHYAHMM CHHTe3a, IUICHKHM IIONMMEpA W3BIEKANTH W3 JKHIKOCTH, IIPOMBIBAIIH
JUCTWJUIMPOBAHHOW BOJIOM, IOCiE€ 3TOro IUIEHKY oOpabaTbiBamu B TeueHue 30 MUHYT mIpu
TeMIeparype 80-100°C B pactBope 0,5 % ykcycHOM KHCHOTHI AJisl yAaJeHUs! KpacsIX BEIIECTB
[IOJINMEPA, 3aTE€M IUICHKA IMPOMBIBAIACH AUCTHWILUIMPOBAHHOM BOJOW A0 HEUTPAJIBbHOM pEaKkLMH
cpensl u BhicymmBamu npu 60-80°C 10 mocTosHHOH Maccel. B HCClenOBaHHBIX KymbTypax
YKCYCHOKHCIBIX OaKTepuid, OMHUM u3 (AKTOPOB, BIMSIONIMX Ha CHHTE3 IOJIMMEpa SIBJISICTCS
KOHIIEHTpalus 3TaHoja. Beixoa Ouononumepa Ol Oomblie, ueM B cpene 6e3 cruprta. ['uaponus
MOJUMEPHBIX IICHOK MPOBOIMIIHN 110 METOIUKE, MPUBEICHHON B padoTax [3,4,5].

Memoo UK- cnexmpockonuu. CTpyKkTypa OakTepHaTbHOM IIEIIII0N03bl OblIa MCCIIeI0OBaHa
Ha HHPpaKpacHoM criekrpodoromerpe «Specrtum 65 FT — IR Spectrometer» B tadiierkax KBr.

Pe3yabTaThl 1 HX 00CY:KIeHHE

N3yueHne cBOICTB ounIleHHBIX nosinmMepoB MmetoioM UK- cnektpockonuu B obmactu 400 —
4000 cm, mokasano, 9To CreKTpsI HOTyYEeHHBIX HOITUMEPOB (PHC. 1) COOTBETCTBYIOT HMEIONIHMCS B
JUTepaType CHeKTpaM OakTepuanbHOM memmonossl [ 6]. B obmactu 3600 — 3000 cm !
MIPUCYTCTBYIOT TIOJIOCHI TIOTJIAIEHHSI, COOTBETCTYIOUINE BaJeHTHBIM KoseOanusM OH-rpyn, a
TIPUCYTCTBHE TIONIOC B JAuana3oHe 3269 cm™ ykasbiBaeT Ha HamuuKe BaleHTHBIX Konebanuii — CH u
— CH: rpynn. B crekTpe GakTepHanbHOMN IEIUTIONO3BI c1abble monockl mpu 1642 u 1539 cwmt
npuHaanexar aepopMmanuoHHbIM KkojeOaHusM OH-rpynm npodHo cBs3aHHOW Bojbl. CiaOble
MONOCH  TIOTNIOmEHHs B auamasoHe: 1370-1428 cm? 06ycnoBieHsl aedOpMarMOHHBIMU
xonebanusamu rpynn CHz; 1360-1320 cm™ — neopmanmonnsie konedanus rpynn OH B CH2OH.
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Pucynok 1. UK-cnexktp OakTepuaibHON LEIITI0I03bI

[onockl B auanasone 1281-1235 cm™ ykasbiBaroT Ha meopmaioHHble KojebGanus OH-
rpynn B crmprax. ITonoca mpu 1205 cm™ ykassiBaeT Ha medopmarmonHsie konebanus OH-rpymm.
[onocel mornomenus B obmactu 1000-1200 cm™ 06yciioBIeHBl B OCHOBHOM Bal€HTHBIMU
xonebarusamu C-O-C u C-O B crimprax. [Tomoca mpu 897 cv™® moxTeepxaaeT Hammaue B-1,4 cBsseit

[6].

BriBoabl

MetogamMun HMH(]paKpacHOW CHEKTPOCKONMM HCCIENIOBAaHbl XUMHUYECKHE CTPYKTYPHI
oOpa3uoB bll, momyuyeHHBIX B CHHTETHYECKON MUTaTeIbHOU cpene Xecmpuna-LlIpavma. Metogom
HK-cieKTpocKONUM yCTaHOBJIEHa XMMHUYeckas uuctora BLI: oOpas3ipl He comepxaT IpuUMecei,
XapaKTEepPHBIX JUISI PACTUTEIBHOM LEJUIFOJIO3bI, TaK KaK OTCYTCTBYIOT IOJOCHI ITOIVIOLICHUS,
yKas3bIBarole Ha apoMaTtuueckue coenuHenus. MK-crnektpsr oOpasuoB BLl, monydeHHBIX Ha
CUHTETUYECKON MUTATEIBHOU Cpeie NICHTUYHBI.

VY CTaHOBIJIEHO, YTO 3TAHOJ OKAa3bIBAET CYILECTBEHHOE BIHMSIHHE Ha OMOCHHTE3 LIEJUTIOI03bI
yYKCyCHO-KUCbIMU OaktepusiMu. CunTe3 BL| compspkeH ¢ pocTOM YKCYCHOKHCIBIX OakTepuil H
ycaoBUAMHU. YHCIEHHOCTH OakTepuil OTBEYAIOIe MAKCUMYMY COOTBETCTBYET MAKCUMYMY BBIX0J1a

BIL
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Abstract

This review mainly presents the state of the art knowledge about the fabrication of different
kinds of nanostructures of biocomposite materials, as well as their applications to perform as
nanocarriers for bioactives, achieved during the past decade. Then, the main strategies and
techniques to fabricate a variety of nanostructured biocomposte materials are reviewed, including
immobilization and encapsulation.

In the doctrine of food security of the Russian Federation and Belarus, the role of an
important source in replenishing food resources is given to the poultry industry, and in Kazakhstan
— cattle and horse breeding. Increasing the productivity of poultry and animals is a priority for both
the industry and the country as a whole. However, with increasing productivity in livestock and
poultry it becomes harder to maintain. The increasing nutritional value of feed in part of the
increase in protein loads the body of the animal and requires an increase in energy in the form of
carbohydrates for digestion and absorption of food. The imbalance of physiologically necessary
nutrients in such a situation, and their actual presence in the feed, lead to feed stress. Poultry
farmers are forced to take measures to save livestock, as a rule, these are antibacterial agents that
actually partially relieve stress by eliminating dysbacteriosis associated with fodder stresses.
Increasing the nutritional value of food due to the required amount of carbohydrates is limited to the
fiber, which is part of the grain, and increasing the nutritional value of food due to fat destroys an
important part of the digestive system - the microflora.

Rice husk — is the shell of the grain, separated when peeling rice. It is characterized by a high
content of silicon dioxide SiO». Rice husk is difficult to dispose of, as it burns poorly, practically
does not rot, and is highly abrasive. Rice hulls have so far been of limited use, and are often used to
obtain, by high-temperature pyrolysis, silica in a composition with carbon.

The disposal of this waste is an important technological task. The rice husk subjected to the
physicochemical processing can serve as the most valuable raw material for obtaining all kinds of
valuable products, including fodder, which have high economic profitability. In addition, from rice
materials (rice husks, rice straw) by varying the temperature of pyrolysis, you can get biochar,
which shows high yield and unique chemical properties due to the content of silica elements in its
chemical structure.

Found original methods for the enzymatic hydrolysis of solid substrates, combining various
types of mechanical processing of the reaction suspension with conducting biochemical reactions in
situ. This allows you to get, for example, from lignocellulose raw materials glucose substrate of a
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high concentration (12-15%) without additional evaporation. The need to update the reaction
surface of the solid substrate and remove the intermediate hydrolysis products of oligosaccharides,
which have limited solubility in water, impede the access of water and enzymes to the reaction zone

and lead to a stop of hydrolysis, requires the use of various methods of mechanical processing,
including ultrasonic treatment.
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MOJYYEHHUE MHOT'OCJIOMHOT'O 3D-IIOPUCTOIO ®OTOAHOJA HA OCHOBE
HAHOIIOPOHIKOB Co030s u TiO2 C JOBABJJEHHUEM IIOPOOBPA3YIOHUIET'O
ATEHTA

Mepeke Al., Ymupzakos Al., Beiicenos P.E., Paxmeros B.Al., Myparos JI.A., Pabu U6parum?.

TOO «MuctutyT dusuku u TexHomorun», yi. M6parumosa, 11, CI3 IIUT «AnaTtay», AnMarsl,
Kazaxcran.

?[leHTp HepenoOBLIX MATEPUANOB, Y HUBepcuTeT XbOCTOHA, XbIocTOH, Texac 77204, CILIA.

ABCTPAKT

B nanHoO#l pabote mpeacTaBieHbl pPe3yNbTaThl MOJYYEHHBIX MHOTOCIIONMHBIX TPEXMEPHBIX
MOPUCTHIX (HOTOAHO/IOB C BBICOKOH yIETbHOM MOBEPXHOCTHIO. Hanbonbias miomanb moBepXHOCTH
C TPEXMEPHOH CTPYKTYpOul OyAeT MOCTHUTHYTa C MCIIOJIb30BAaHHUEM pa3paOOTaHHOM TEXHOJIOTHEH,
UCIOJNIB3YIONIEH CMECH MaTepuajoB, KOTOpbIE WMIPalOT pojib MOpooOpa3oBareneii B marepuae
aHoda KOTOpasd ITIO3BOJIACT ITIOBBICUTH 3(1)(1)CKTI/IBHOCTI> IIOTJIOIICHUA CBETa 3a CYUET CO3JaHHuA
CMEIIaHHOM UITM MHOTOCIOWHOM CTPYKTYpPHI M3 HECKOJIBKUX (DOTOKATATUTHUECKUX MAaTEPHUATIOB.

BUJAEHUE

B mocnennee necsruiierre OONBIION HHTEPEC MPEACTABISIOT YHCThIE BO300HOBIISIEMbBIC
UCTOYHUKHU dHepruu. OJHUM U3 HauOolee MEepCIeKTUBHBIX KaHIUAATOB Ui 3aMEHBI HBIHEIIHETO
TOIUIMBA TOPEHUS CTAJIU BOJAOPOJHBIE F€HEPATOPHI, KOTOPbIE OCHOBAHBI Ha MPOLIECCE PaCIEIICHUS
BOAbl. B COBpeMEHHBIX TeHeparopax BOJOPOJA HCIOJB3YETCSI BBICOKOE AJIEKTPUYECKOE
HanpspKeHUE MEXAY JBYMS METANIMYECKHUMH JJIEKTPOJaMH, MOTPYXEHHbIX B Boay. OnHaKo
3G GEKTUBHOCTh 3TUX T'€HEPATOPOB BCE elle sBIsAETCS HU3KOW. D((HEeKTUBHOCTH TIeHepaTropa,
COCTOSIILIET0 U3 MHOJKECTBAa SYEEK MOXET OBbITh yBEJIMYEHa 3a CYET 3aMEHbl METAJUIMYECKUX
AJIEKTPOZIOB Ha 3JIEKTPOABI, COCTOSIME U3 (POTOKATAINTHUECKUX MaTepuanoB. PaHee Obuin
MpoJiesIaHbl padOTHl MO pa3pabOTKE aHOJOB, COCTOAIMMX M3 (DOTOKATATUTHYECKUX MaTEPHUAIIOB.
OnHako pe3ynabTaThl MOKA3bIBAIOT HU3KYIO 3((PEeKTUBHOCTH, HEYCTOMUMBHIN MPOLECC BbIIEICHUS
BOJIOPOJa U BBICOKYIO CTOMMOCTh MPOHM3BOACTBA. D(P(PEKTUBHOCTHh M CTAOMIBHOCTH (hOTOaHOAA
CYIIECTBEHHO 3aBUCHUT HE TOJBKO OT BBHIOPAHHOTO MaTepuana, HO U OT IUIOLAJX MOBEpXHOCTH. B
npeayiaraeMoil pabote HaMu OyayT pa3pabOTaHbl BBRICOKOHAIEKHBIE MHOTOCIOWHBIE TPEXMEPHBIE
nopHucTbie (POTOAHOBI C BHICOKOHM IUIONIA/IbIO MMOBEPXHOCTH U HU3KOM cronMocThio. Hanbomnbimas
IUIOU[a/Ib TOBEPXHOCTU C TPEXMEPHOW CTPYKTYypoll OyaeT IOCTUTHYTa C HCIOJIb30BaHUEM
3allaTeHTOBAHHOM HAIEl TpyNNoON TEXHOJOTWH, HCIOJIB3YIOLIEH CMECH MaTepualloB, KOTOpBIE
UTparoT pojib Mopoodpa3zoBaTesiell B MaTepuaie aHoja.

Pa3paboTanHblif HaMH MTPOIECC MTO3BOJISAET MOBBICUTH 3()(HEKTUBHOCTH MOTJIOLICHUS CBETA 3a
CUET CO3JaHMsI CMEIIAaHHOW MM MHOTOCJIOMHOM CTPYKTYPBI U3 HECKOJIBKHUX (DOTOKATATUTHUECKUX
MaTEpUajoB. IJTOT IMPOLECC COBMECTUM C HU3KOTEXHOJOTHMYHBIM IPOU3BOJICTBOM HH3KOU
CTOMMOCTBIO M MOXKET IIMPOKO HCIOIb30BaThCS B MPOU3BOACTBE BOAOPO/IA.
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JKCIHEPEMEHTAJIbHAS YACTb

Matepuansl  MOXYIMPOBOAHUKOBBIX OKCHUIOB METAJIOB  SIBISIOTCS  TEPCIEKTUBHBIMU
KaHJIUJaTaMU JUTsl UICTIOJIb30BaHUs B KauecTBe ()OTOAHOIOB U MPEe0Opa3OBaHus COIHEYHOU SHEPTUU
B xumuueckyto [1-3]. Hampumep, kpucraumueckue TiO2 n C030s mHMPOKO HMCHOIB3YIOTCS B
KauecTBe (POTOKATANIM3ATOPOB Ojaroaaps OIarompusITHOMY 3HAYEHUIO HIMPUHBI 3amlperieHHON
30HBI, HU3KOH CTOMMOCTH, HETOKCUYHOCTH U BBICOKOW XUMUYECKOH U (hoTocTabminpHOoCTH. OTHAKO
s dextuBHocTh TI02 1 C0304 orpanrycHa y3KHM JAMANa30HOM IoriomeHus ceeta. O0beInHCHHE
pa3nuYHBIX (POTOKATATIU3ATOPOB BMECTE, I CPOPMUPOBAHUS runeppazHoi MM MHOTOCIOWHON
CTPYKTYpBI, IPUBEIET K CO3JaHUIO CTPYKTYPHI C Pa3IMUYHBIMHU 3HAYCHUSIMU IIMPHHBI 3alpEIIeHHON
30HBI, YTO B CBOIO OUY€pEb PACIIMPHUT JAMAIA30H IOTJIOUICHUS CBETa M MOBBICHT 3()(PEeKTUBHOCTH
reHepaiuu Bopopoaa. C Apyroil cTopoHsl, yBenuueHue 3(PGEKTUBHON IUIOMIATU MOBEPXHOCTH
(doTokaTamM3aTOpa TAKXKE CYIIECTBEHHO CKa3bIBaeTCs Ha 3(PPEKTHMBHOCTH T'eHEpaluu BOJOPOJA.
Opnako CcTaHAApTHBIE METOJBl OCAKIEHUS OTHX  KaTalau3aToOpoB  (DIIEKTPOXHUMUYECKOE,
TEPMHUYECKOE OKHCIICHHE M «CIIPEi» MOKPBITHE) HE MOoKa3alu d(P(HEKTHBHBIX PE3yIbTaTOB B ITOU
obnactu. B mpenaraeMmoM MpoeKkTe HaMU paccMaTpUBAETCS METOJl MOAroTOBKU (oToaHona ¢ 3D-
MOPUCTON CTPYKTYPOM, KOTOPBIH, 110 HAIIEMy YOEKICHUIO, TPEOI0JICET ITH HEAOCTATKH.

[Ipumensisi onmuchIBaeMble B METOJAX HCCIIEIOBaHHUS MPOIECChl, HaMH ObUT pa3paboTaH
runiepgazubie (TiO2 u C0304) u MHorocnoiinbie cTpykTypsl (TiO2 u C0304) ¢ meperieTeHHbIM
HIMPOKOMNOJIOCHBIM TorjomuieHreM cBeta oT 400 uM 10 650 M. MeToibl, pe/yiaraeMblie B TaHHOM
MCCIIC/IOBAaHNH, O0ECIEUYNBACT YPE3BBIYAHO BBICOKYIO A(PQPEKTHBHYIO IIJIOMIAIh MOBEPXHOCTH
(koTOpas ObLIa MOKa3aHa B HAIIKX MPEabIAyIIuX padoTax [4,5].

CIIUCOK NCIOJIb30BAHOM JINTEPATYPBI
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KEYEK KPEMHH KYPbLIBIMbIHBIH KEHBIP HAHOOJIIIEM/IK "KOHE
OIITUKAJIBIK KACUETTEPI

Hkpamosa C.b., Tneybaesa U.C., lllabnan E, baiiranatora I11.b.,
Mymnaiitiac H.A., Myca6ek I'.K., Iuxan6aes K.K.

Kipicne

Conrbl Ke3lle KeyeK KPEMHHIl KYPBUIBIMBIHBIH dp TYpPJi JJIEKTPIIK KOHE ONTHKAJIBIK
KAacHUeTTepl HAHOAIEKTPOHUKAHBIH KAJIBINTACY MPOLECTEpiHE epeKIle KOHLT ayaapburyaa, acipece
KEYEKTIK MaTepHaap/blH Kepi IIarbuibiCy KabaTTapbiH [1,2] *KEHiT oICIeH alnyFa KOHE KO
CEJIEKTUBTI SMUTTEPIIIK OHAETYiHE, OJapAbIH KaPBIKTHI )KYTHUTYBIHA jKOHE OCTTIK MaccuBaluaiayra
MYMKIH/IIK Gepelii opi Kem KabaTThl OeICeH Il KYPhUIBIMAAP/IbI KYpacThIpyFa Maiaaiansiiasl [3].

Bepinren imKi KBaHTTBIK THIMAUTIKTEp Typasibl jKacajFaH aHAIW3IEp KEeyeK KPEeMHHUUIIH
YKapBIKTBIH (DOTOFOMUHECHCHIIMSI KACHUETTEpiHE >KOHeAe OETTIK MacCHBAIMSJIBIK KaOJSTTLIITIH
3epTTey MakcaTbIMeH icke achlppUIFaH. COHJIBIKTAH, JKaHA JKacajFaH JJIEKTPOXHUMUSUIIBIK KEeMipy
o/liciIMEH aJIbIHFaH KeyeK KpeMHHUUIIH (POTOeTKI3rim KaOJeTTIriHIH ecyl KpHCTalll KPeMHHUIIH
Oacrankpl MCHITIKTI KEACPTiCiHIH apTybIMEH JKOHEE OCTTIK PEKOMOMHANMSIIBIK K bIJTaM IbIFbIHBIH
bIIBIpaybIMEH KopceTTi [4]. Byt HoTKenep ®Kypri3iirid SKCIepUMEHT 0apbIChIH 1A AHBIKTAIIBI.

Keyek kpemumii (oToBOJIbTaMKa YIIIH TMOTEHIMAIBl ©T€ >KOFapbl TEXHOJOTUS EKEHJIrl
Oiprerre enoektepe xkapusutanasl [1,3,5]. ConbiMen Gipre Keyek KpeMHHI €H JKOFapFbl MEHIIIKTI
KOJEMIMEH epeKIIeNeHe ], SFHU >KapbIKThIH JKYThUIY ayJaHbl ©T€ KeH eKeHIH Ouigipeni. An
KPUCTAIUTTEPiH emmeMi 2 HM- jgeH 10 HM auana3oH apajiblFblHAA OOJIFAHIBIKTAH  KBICKA
TOJIKBIHJIBI (POTOHIAPABIH KYTHUTYBI KOFApIalThIHBI alKbIHAAMAbl. COHIBIKTAH K€yeK KPEeMHUIIIH
KOJIJAaHBICKl HEri3ri ym OarbiTTa epOyle, OHBIH Oipl JKapblK LIbIFapy JIUOJBI EKIHILICI
¢doToBosbTanKa 00JICa, YIIIHIINICI CEHCOPIIBIK JaTYUKTEP/Ii KypacThIpyaa 00Jbi Ta0buib! [6].

Bys1 KyMBICTBIH HETi3ri MakcaTbl HAHOKEYEKTI KpEMHHMH MaTepHalbIHbIH KYPbUIBIMBIH aly
KoHe oylapiblH PaMaH criekTprepl apKbUIbl HAHOKPUCTAIAAPABIH OIIIEMICPIH TIKIPUOE apKbLIbl
aHBIKTAy HAHOKEYEKTI KYPBUIBIMHBIH MaHbI3/bl ONTOIEKTPOHIBIK KAaCHETTEPIiH 3epTTey OOJIbIN
Ta0bLbl. HaHOKeyek KpeMHHH MaTpHULIACBIHBIH OpPTYpJl eIIeMAe KaJbllITacy SIICTepl OHBIH
KBaHTTBIK-OJIIIEM/IIK [IIEKTEY TEOPHSICHI )KY3iH/e O0oNMaThiHbI KepceTinui [7].

Kypriziniren 3xcnepuMeHTAJABIK dicep
Keyek xpemuuii mopdonorusuiblk KypeuibiM kepiHiciH any ymiH NANOEDUCATOR 11
KOH/IBIPFBICH! KOJAAHBUIFAaH. 1 CypeTTe aTOMIBIKOKYIITIK MUKPOCKOIUACH! KOPCETUITeH.
3epTTeyre ajblHFaH YII YJTIT€ CalbICTBIpMalbl TYpAE Tajjay >KYprizy YILIIH, YIKEHTY
mamachl peTinge (X, y oci 6oiibama) - 50 Mkm? emmemi ansiaFad 6onateiH. 3D GeitHecine Kapaii
OTBIPBINT KEYEKTEpAiH KaJbIlTacy OaphIChIHIA Talaa OOJFaH €H TOMEHI1 JKOHE €H JKOFapFhI
HYKTEJIepiHiH apachlHIAaFbl OJIIEMJI AaHBIKTal, HAHOKPUCTAIUTTEPIIH TBHIFBI3JBIFBIH JKOHE
enmIeM/IepiH canbIcThpyFa Gomazsl. Epitinminig HF : C4H1002 (3Tokcmatanon) — 1 : 1,1 mA/em? —
30 MMH peXuUMiHJE aJbIHFaH YITUIep KeyeKTep KYpbuly Ipolecci OapbIChIHAA KaJbITaCKaH €H
YKOFapFhl J)KOHE €H TOMEHT1 HYKTE apachl 287 HM - Kypaitabl. KeyekTep mimniHi xoHe eJmemMaepi op
TYpJ1i OOJIBIT KAJIBINTACKAaHBIH Oaiikayra 0oJa bl
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Cyper 1 - keyek kpeMHMI KypbUIbIMbIHBIH 3D Oeitneci

CoHbIMEH Karap KeyeKTepAl KypaWTbhlH IIBIHIAAPABIH YIITapbl Oacka yiriuiepaeH
aBIPMAIIBUIBIFBl OTKIP MIIIIHII eMec OOJBIN KENTreH. DIEKTPOJUT KOHIICHTPALHUSACHI-KEYEKTITIIK
TepeHirine acep 6epce, aja aHOATAY TOFbIHBIH ThIFbI3/bIFbl KEYEKTEP-ThIFbI3/IbIFbIHA, OJIIIEMAEPIHE
JKOHE CaHbIHAa BIKOAI €TeAl. byl dJIeKTPONHMTTI KONJAaHy apKbpUIbl KEyeK KpeMHHH
HaHOKYPBUIBIMBIHAH 3JIEKTPOJIFOMUHECIIEHIINS KYOBUIBICHIH aJdyFa SFHU SKapblK JMOJBIH alyFa
MYMKIHIIK Oepeli jkKoHe KeyeK KPeMHHUH KYPBUIBIMBIHBIH JKOFapFbl KEYSKTUTr KYH 3JeMEHTIHIe
3(EKTUBTUIINH KOPCETETIH aHTUIIAFBIIBICY Ka0aTTapblH KaJbIITACThIpyFa 00J1aabl

Keyex xkpemMHUIIIH Keneci ©Te MaHBI3ABl ONTHUKAIBIK KACHETTEpiHIH Oipi  OHBIH
(OTOIIOMUHECLIEHIIUS CIIEKTPJIEPIHIH KAJIBINTACYbI. 2 CYpeTTe KPEMHUI ’KoHE HAaHOKEeyeK KpeMHUI
KYPBUIBIMBIHBIH (DOTOTFOMHHECIICHIINS CTIEKTPIIEPi KOPCETUITeH

OjerTe, KpUCTAIABIK KPEMHMH KapThUlail OTKI3riwiHiH QoTomomuHecueHusIcs (DJI)
TOJIKBIH Y3bIH/IBIFBIHBIH KOPY OOJIBICHIHIA O0JIMAUTHIHBI OeNTiTi, ce0e0i KpeMHUH Typa30HAIbI eMec
JKapThIIAMOTKI3riI, OFaH KapaMacTaH OHBIH (DOTOJIFOMUHECIEHIUS CIIeKTpl HHpPaKb3bLl 1,1 MKM
JMara3oHbIHAa OonMarmbl a3  chekTpi Oaiikamamel  (2-cyper). Erepme kpemuwit  OerinHae
HaHOKYPBUIBIMJIAPbIH OTBIPFBI3y HOTHXeciH/e, col 6onamanibl DJI crnekTpi TONKbIH Y3bIH/IBIFbIHBIH
Kopy OOJIbIChIHA Kapal yiIFaiabl Kepy OOJIBICKIHAA Ja YAKEH (POTOTOMUHECIICHITUS CIIEKTPIEPiH
KaJIBIITACTHIPATHIHBIH KOPCETTIK.

bipiami a) ®JI cnekTpi THIH >KaHaJaH >KacajdFaH KeyeK KPEMHHH CIEeKTpl OOJaThIH OHBIH
MaKCUMYMBbI 675 HM TOKBIH Y3BIHJBIFBIHJA OpHAJACKaH, >XKapThl MAaKCHUMYMBIHBIH TOJIBIK €HI —
(OKMTE) 120 M. Erep KK-ni KeIIKbUIABI Cy €pITIHIICIHE CaBIT KYPFATCAK O KbICKA TOJIKBIHFA
Kapail bIFICKaHBIH )KOHE MAKCHUMYM IIBIHBIHBIH COJl ©CKEHIH KOpEeMi3.
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Keyek kpeMHUAIIH (HOTOTIOMUHECIICHIIUS CIIEKTPI CaKTalFaH OpTara eTe ce3iMTall, OUTKeH1
KeyeK KPEMHHUMUIIH MEHIIIKTI ay/IaHbl )KoHE MEHIIIKTI KeJIeMi 6Te YJIKEH JKOHE JKOFapbl KYPBUIbIM
mamamen 600-1000 cm?/m® Kypaiiapl, connpikran  OJI MBLIHBL 6T€ TYPaKChl3 KOHE YaKbIT OTKEH
cailblH e3repill OTBIpa/bl, OUTKEHI HAHOKPUCTAJUIMTTEPHAIH OTTEriMEH MacCHUBAIUSIAHYbIHbI
ceOebiHeH exeHi Oenrisi, OipaKTa KeyeK KpeMHHHIIH KeJleci peXKUM/IET1 ©3repici KbI3IKTBIPIBL.

3-cyperte (DOTONMFOMHUHECHECHIINS IIBIHBIHBIH YaKbIT apaliblK CaKTay Ke3lHAeTi ecKipuyi
(cTapeHne) TOyeIIiliri KepceTiareH, MyH/Ia eKi TOK THIFBI3ABIFRIHAA 1-5 MA/cM? xone 30 MA/cMm?
KYPri3UIreH TapMaKTapbl ayaja >KapblK aFbIHBIHJIA YKOHE KBIIIKBUIABI Cy EpITIHAICIHAC CaKTaraH
Keszeri yaepicrepi kepcerinren. Ycrinri ym Tapmarbl (1-5 MA/cM?) yirinepaiH op opTamarbl
KYPBUIBIMHBIH TOTBIFY K€31H/E CIEKTp MIBIHBIHBIH KbICKA TOJKBIHFA BIFBICKAHBIH aHFapHAbIK. Al
temenTi cyperteri (30 MA/cM?) yII TapMmarbl KOFaphl TOK THIFBIABIFBIHAA JKYPTi3ilmiKTeH
6acrankpl cekTp 500 HM OpHallaCKaH HYKTE Y3bIH TOKBIH Y3bIHBIFbIHA Kapail bIFBICKAHBIH KOPIK,
Oyl e3repic KBIIIKBUIALI Cy/la OHJEITeH KEYeK KPEeMHHIIIH OeTi TONBIK CyTeri aToMIapbIMEH
MACCUBACHUSIAHYBIHBIH CaJIaPbIHBIH €KEHIH TYCIHIIpEMIs.

Keneci skcnepuMeHTanplK ToxipuOene Paman cnekTpiepiH Tycipy apKbUIBI OpBIHIIAJIFaH
3epTTey HOTIDKENEpiHIH KeWOip epekmienepi aWKbIHAANAbl KOHE HAHOKPUCTAIMTTEPiH
©JIIIEM/ICPIH Killli )KHUIJIIKTE BIFBICY CIIEKTpIIepiHe 061y apKbLIbl aHBIKTA/IBIK.

Aupik Tunreri ¥nrreik Hanomabopatopusaa opaanackan SPECTRUM [8] KoHIBIPFBICHI
apKpUIBl Paman crnekTpiH Hemece 0Oacka aTaybl KOMOWHANMSIIBIK IIAMIBIPAy CIHEKTPIH 3epTTey
XKyprizuiren 6onateiH. Keyek kpeMHU YIIIIH paMaH CIIEKTPIiH any, OipHele peT KaiTaian OThIPHII
TipKEy apKbLIbl aJbIHFaH 00JaThH, ce0e0l KeyeKTi KabaT KaJIBIHABIFBl OTE a3 IMaMaHbl KOpCEeTe/i
KOHE TYCKEH >KApBIKThl AKChl OTKI3iM, aCThIHJIAFhl MOHOKPUCTAIIABI KPEMHHM TOCEHIIIiIHIH
CHEKTPJIIK KOPCETKIIIIH TIPKEYMEH asKTajabl.

42. Andor Spectra

BT e
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Cypet 4. MOHOKpHCTAIIBIK KpeMHHI Paman criektpi

4 cypeTTe MOHOKPHCTAJAbl KPEMHUHN pamMaH CHeKTpl kepceTinreH. Kpemuuil TeceHimi yuiiH
Oy cnektp 520 cMm 1 TONKBIHIBIK CaHbIHA TEH EKeHIri Oeirimi, an CaHBIIAY/bIH JKapThIIai eHi
Aw=1-35cm .

Keyek kpemuwuii yiid (5 CypeTr) aMIUTMTY/1a CaHbLIAYBIHBIH COJI €TET1 Killll XKHiJIiK ayMarbiHa
BIFBICY apPKBUTBI AaHBIKTAJA/IbI )KOHE TONKBIHABIK canbl 500 — 520 cm 1 Jeftinri mramansl KepceTei,
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an xapreinaii eni Aw = 4,5 — 6,0 cm. Erepzie 3epTTeliHeTin MaTepHaNbIMbI3 aMOP(THI GONATHIH
6oJIca OH/Ia OHBIH TOJKBIHABIK caubl 480 cM™ mamaceiHan Gacrar »oHe Kimii 00JTybl MYMKIiH, aj

sxapthinaii eni Aw = 100 em™ Kypaiizpr.

47. Andor Spectra
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Cypert 5. HF : C4H1002—1:1; 10 MA/cM? — 15 MUH MUH pesKUMiH/Ie aTbIHFAH KEYEKTi KpeMHHIA
yJricidig Paman cnekTpi

Keyek KpeMHUH KYpbUIBIMBIHBIH TaFbl Olp KbI3BIKTBI  ONTHKAIBIK KACHETTEPiHIH
CHEeKTpiepiHiy O0ipi — PaMaH CrieKTpiHIH BIFBICYBI OOJIBITT TAOBUIA b, SIFHU YITIHIH KOMOMHAIIMSITBIK
HIAlIBIpAy CHEKTPJIEpiHIH e3repyl. OneTTe KPeMHHUH KpUCTaIbIHBIH PamaH CHEKTpi TOJKbIH
caHbHbIH 520 cM? aiiMarblHIa OpHACATHIHBIH GileMi3, KpeMHHil aToMaaphl KpHCTanga OipiHFaif
peTTeNin OpHaNTacKaHABIKTaH CIeKTpi oTe Tap 6onbin Keneni [9]. CrexTpaiH Killli )KHITIKKE BIFBICY
yZepiCiHEH aJIbIHFaH 9pO01p TOJIKbIH CaHBIHJAFbl HAHOKPUCTAIUTTIH OJIIIEMIH (pa3MepiH) TalThIK.

Temenri 6 cyperre KopaoH TeHIeyiH maiaanaHbIl KPUCTAUIATTEPAIH OJIIEMICPIH aHBIKTA IbIK.

On keneci Kopnon gopmynacs! 60ibIHIIIA €CeNTENAl:

|
224

_ HM
d=2x- Ao 10-

ConbpiMeH, PamaH cnoekTpiHiH Kiloll O KMUIIKKE BIFBICY HOTHXKECIHEH OCHl  BIFBICY
MHTEPBAJIBIHJIAFbI YJIECTIPUITeH HAHOKPUCTAIUTTEPIHIH OJIIIeM/IepiH aHBIKTaAbIK. AJIBIHFaH KeyeK
KPEMHHI MaTpHUIIAChIH/IA KeJeCl HAHOKPUCTAIMTTEP/IIH KUBIHTBIFBI 0ap €KeHIH Kopik: 2,3 HM; 2,5
HM; 2,6 HM; 2,8 BHM; 3,0 HM; 3,3 BHM; 3,7 HM; 4,3 HM.

Keyek kpeMHuUi1H Keneci ONTHKAIBIK KacCUeTTEpiHIH Oipi OHBIH >KapbIK OTKI3rill KaO1IeTTirl,
SFHU JKapbIK OTKI3TI KO3((UIMEHTI MEH TOJKBIH Y3bIHIBIFBIHBIH apachIHJIAFbl TOYEJIUTIK.
Temenri 7-cyperTe 0ChI TOYENIITIK KOPCETIITeH.
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Cyper 6. YJecTipiareH HAaHOKPHCTATUTTEP/IIH eJIeMaepi

Keyek kpeMHUIAIH KapblK OTKI3TIII CHEKTPl TOJKbIH Y3bIHABIFBIHBIH 500 HM- 1200 HM quana3oH
apanbiFbiHaa JlamM0/1a-35 KOHIBIPFBICH apKbUIbI ©JILIEHAl. OKCHEpUMEHT OapbIChIHIA Keyek
KPEMHUH KYPbUIBIMBIH KaJIBIITACTBIPY YILIIH €K1 TYpJll KPUCTAJLI KPEMHUH TOCEHIIIIH KOJIaH/BbIK,
oHBIH Gipi p-TunTi KoHenTpanusckl 10 cm a3 6op atomsl nerupnenren 6osca exinmici 101° cv
©T€ JKOFaphI JIETUPJIEHTEH P* THIITI KPEMHHN MOHOKPHCTAIIBI GOJIIBL.
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Cypert 7. Keyek kpeMHuil yiriepidia op Typi MEHIIIKTI Keiepriferi TycipiireH
XKapbIK OTKI3Y CIIEKTPJIEp
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7-cyperTe 1-KHCBIK CBI3BIK KOHIICHTPAIHMACHI a3 (e3TeieeH0ereH maia oTKI3ri) KpeMHUITe
OTBIPFBI3BUIFAH KEYEeK KPEMHHUIIIH OTK3Till KO3()(UIMEHTI TOJIKBIH Y3bIHIBIFBIHBIH 600 HM-1eH
1100 aM 90-92 % KepceTKilIiH Kypajbl, al 2-KUCBHIK ChI3bIK KOFapbl JIETUPJICHIeH KPEeMHHM YIIIiH
(e3remiesieHTeH Imana ©TKi3rim) kapblK oTKI3rimTiri 700-1200 HM TONKBIH Y3bIHABIFBIH/A IIAMAMEH
50 % xypaca, KpUCTaJJT KPEMHUH YILIiH OYyJ1 KOPCETKIII TEeK KbI3bLI TOJKbIH Y3bIHABIFBIH/IA KaAPBIK
eTKi3rimTiri mamameH 40 %-Ti Kypaabl. 3-KHCHIK KPUCTAJ KPEMHHI TOCCHIMIIHIH KapbhIK OTKI3Till
CHEKTPI.

JleMek, KeyeKk KpEeMHHUUIIH MKapblK OTKi3y KaOneTTiri OacTanmkbl KpPEeMHHH TOCEHIITiHIH
KOCITAJILIK KOHIICHTPAllUsAChIHA HEMEeCe MEHIIIKTI KeIepriciHe OaiJIaHBICThI C€KEHIH KOPCETTIK.
OiiTKeHI KeyeK KpeMHUNIIH OyJI ONTUKAIBIK KACHET] JKapbIK OTKI3Till MaTpHIIajJapblH HEMece KYH
AJIEMEHTTEPIH KAJIBINTACTHIPY/Ia 30p MaHbI3bI 0ap CHUIIATTAMACBIHBIH Oipi OOJIBIN TaObLIAbI.

KOPBITBIHAbI

JKyMbICTBI OpbIHAAy OapbIChIHAA, TKIPUOMEHIH HOTIDKENEpiHEe Keleciell KOPTBHIHIBI
xKacayra 00saabl:

1. Hormxkenepi OolblHIIA KeyeKTi KaOaTTBHIH KaJbIHABIFBIHBIH eimemi 6,18  MHKpoH
KypaiiThIHbIH aiiTa amambiz. HF : C4H1002— 1 : 1, 1 MA/cM?— 30 MHH peKHMiHJIE albIHFAH YIITiHiH
MOpQOJIOTHACH €H KAaKChl KEYeKTUTKTI KepceTTi Jmaecek Oomansl. bipak 3sTOKCcHATaHOI
KOHIIEHTPALIMACHI €Ki ece OCipreH j>KaFaaiia YriHiH KeYeKTUIIr kKorapjaraHblH OaiikaablK, JeMeK
ATOKCHATAHOJI KOHIICHTPAIUSICHI KEYEKTEPIiH oJIIeMaepine acep OepreHin OaiKkaapik.

2. Toxipube OapbICbIHIA HAHOKYPBUIBIMAAPABIH ~KEYEKTUIN OHBIH aHOATay TOK
TBHIFBI3JIBIFBIHA, YAKBIT apaIbIFBIHIAFBl XUMUSIIBIK KEMIPY YAEpiciHe, JIEKTPOIUT KypaMbIHA THIFBI3
OaiiaHbICTBl €KeHIH aHFapAblK. COHBIMEH KaTap KeyeKTiliri OacTamkbl KpeMHHUH TOCEHIIiHIH
MEHIIIKTI KeJepriciHe Toyen i ekeHiH PamaH crieKTpl apKblIbl 0aKbUIabIK.

3. bapnelk  ynrinepix aJIbIHFaH HOTHXKenepi OOlbIHIIAa  aHBIKTAFAHBIMBI3,
(OTOMIOMUHECIIEHIIUS ~ CHEKTPl TOJKBIH  Y3bIHABIFBL  350-850 HM juana3oH  ailMarbIH7Aa
morblpiaanFanbiH - Outgik. HF  KoHIeHTpauMsachlHBIH ~— Mejmiepi  ayblclalbl  TYphe
(bOoTOMOMUHECTIEHITNS KAPKBIHBUTBIFBIHA, a1 aHOJTAY TOK TBHIFBI3IBIFBI TOJKBIH Y3BIHIBIFBIHA dCEP
OepeTiHairi GaKanIb.

4. ®OTONIOMUHECIEHIINS IIBIHBI JKOFApbl TOK THIFBI3ABIFBIHAA JKYPTi3UIT€H YIriiep YIIiH
(30-50 MA/CMZ) KbICKa TOJKBIH Y3BIHABIFBIHA (500-510 HM) BIFBICKAHBIH KOPIIK, all TOMEHT1 TOK
TBIFBI3ABIFBIHA KYprizinren (1,0-10 MA/cM?) yarinep yIIiH TONKBIH Y3bIHABIFBIHBIH Kopy (600-610
HM) OOJBICBIH/Ia OpHAJlaCyaHbIH KOpAIK. YJTUIepAl op TYpJi KbIIKBUIABIK CYHBIK OpTaja eHJAelTy
ke3inne DJI mBHBIHBIH e3repreHiH kopiik. Antansik 600-610 HM misiHBIHIA opHajackaHn DJI
KbICKa TOJKBIHFBI bIFbicca, anm 500-510 HM mieiHBI Oap yiATUIEp KEpICIHIE KBICKA TOJIKBIHFA
BIFBICA/IBI.

5. PamaH cnekTpiH eJjiley HOTHXKelepiHe Kapail OThIPHINT Ke€yeK KPEeMHMH CIEKTPiHIH Killli
xuinikke 504 cM™! TONKBIH CAHBIHA BIFBICKAHBIH OAKAIBIK Oy kpemHMitniH 520 eM ™} TOKBIHIBIK
caHbIHaH 16 cM! skmiik alfBIpMAIIBITBIFEIHA ©3repreHin 6aikanplk. Kapnon hopMymacsl apKbLTBI
HAHOKPHUCTAJJIBIH KOJJIeHEH KHUMAChIHBIH ©JIIIeMi aHbIKTalibl. HaHOKpHCTAIUTTEpiH KeJJIeHEH
KMMAachIHBIH AuameTpi 4,5 — 6,0 HM KypalThIHbIH aHBIKTA/IbIK.

6. Keyek kpeMuiiliH *apblK OTKI3y CIEKTPIH ©JIIIeil OTBIPHIN Keleci HOTHKEH] aHBIKTa/IbIK.
bacrankbl KpeMHUN KpUCTalbIHBIH MEHIIIKTI KeJeprici TeMeH OOJfaH CalblH OHBIH JKapbIK
OTKI3TILITII KYp ©6CKEHIH OalfKaJbIK, al MEHIIIKTI KeJAeprici >KoFapbl KPEMHUI/IEH kKacallFaH Keyek
KPEMHHIIIH JKapbIK OTKI3TII KaOJIETTENIr KeMITeHIH JToJIeIe K.
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