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Dear distinguished participants of the symposium and conference!

We are very pleased to welcome the participants of the X International Symposium
“The Physics and Chemistry of Carbon and Nanoenergetic Materials".

Every other year since 2000, the Institute of Combustion Problems holds an
International symposium “The Physics and Chemistry of Carbon and Nanoenergetic
Materials".

It should be noted that this conference is conducted with financial support of the
International Science and Technology Center (ISTC) which has allocated US $ 15 000
which allowed us to invite the leading scientists from neighbouring countries and
beyond. On behalf of the symposium participants we would like to thank ISTC very
much.

In all parts of the world the searches for new forms of communications are
conducted and in this regard the joint research projects and international conferences are
particularly important. We believe that this conference will become an international
arena where all conditions for establishment and development of an effective scientific
collaboration and long-term partnership relations between research teams of CIS
countries and colleagues from Belgium, Portugal, Italy, Spain, Greece, United
Kingdom, USA, China, Uzbekistan will be created.

The interest in nanotechnology in leading industrial countries continues to grow.
Over the past ten years in Kazakhstan number of scientific publications has grown and
number of people involved in nanotechnologies continued to increase. This strong
growth is fueled by progressive growth of new nanotechnology products and
technologies.

We are sure that the X International Symposium “The Physics and Chemistry of
Carbon and Nanoenergetic Materials™ will be important step in solution of fundamental
problems and of course it may give impulses to new projects in the field of carbon
nanomaterials, nanoengineering and nanoenergetics

We wish all symposium participants fruitful work and pleasant entertainment!

Zulkhair Mansurov and V.E. Zarko
Conference Co-chairs
(on behalf of the Organizing Committee)
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SCIENTIFIC PROGRAM

1. Carbon Materials and their Application.
2. Nanoenergetic Materials.

3. Nanomaterials and SHS synthesis.

The Symposium Program includes plenary, oral and poster presentations. The
Communication languages of Symposium are Russian & English. The time limit on
speeches: plenary presentation is 30 minutes and oral presentation is 10 - minutes.



Introduction

Welcome to X International Symposium “The Physics and Chemistry of Carbon and
Nanoenergetic Materials” in Almaty, Kazakhstan. The objective of the Almaty,
Kazakhstan conferences is to provide a platform for researchers, engineers,
academicians as well as industrial professionals from all over the world to present their
research results and development activities in Carbon and Nanoenergetic Materials,
Energy and Nanotechnology.

Presentation Instructions
Instructions for Oral Presentations

Devices Provided by the Conference Organizer:
Laptop Computer (MS Windows Operating System with MS PowerPoint and Adobe
Acrobat Reader) Digital Projectors and Screen Laser Sticks

Materials Provided by the Presenters:
PowerPoint or PDF files (files shall be copied to the conference computer at the
beginning of each session)

Duration of Each Presentation:

Plenary Session: 25 minutes for presentation and 5 minutes for questions and answers
Regular Oral Presentation: 12 (7) minutes for presentation and 3 (3) minutes for
questions and answers

Instructions for Poster Presentation
Materials Provided by the Conference Organizer:
The stand to put poster

Materials Provided by the Presenters:
Home-made Posters

Maximum poster size is AO

Load Capacity: Holds up to 0.5 kg

Best Paper Award

One best paper will be selected from each oral presentation sessions, and the Certificate
for the Best Papers will be awarded at the end of each session on September 12-14,
2018.

Dress code
Please wear formal clothes or national representative of clothing



Scientific Program of the X International Symposium
“The Physics and Chemistry of Carbon and Nanoenergetic Materials” 2018

08:30-09:30 Registration
09:30 — 09:40 Opening Ceremony

Coffee break: 11:10 — 11:40

LUNCH: 13:10 — 14:30

Coffee break+Poster session: 15:45—16:45

Reception: 18:00

Coffee break: 11:00 — 11:30

LUNCH: 13:10 — 14:30

Coffee break: 15:45-16:15

BANQUET: 18:30

Coffee break: 11:05-11:30

LUNCH: 13:00 — 14:00

12:30-13:00 Closing ceremony. Diploma awarding
14:30-17:00  Visiting Institute of Combustion Problems, KazNU, Faculty of Chemistry and Chemical
Technology, Museum



Day 1, September 12, 2018

8828 B Registration
8828 B Opening Ceremony
Plenary session
Session | Mansurov Z.A., General Director of Institute of Combustion Problems,
Chairs | Kazakhstan
Teresa Bandosz, Professor of Chemistry at the City College of New York, New
York, USA
Plenary Speakers
09-40 Bandosz T., Professor of Chemistry at the City College of New York, New York,
.n | USA
10:10 Importance of Carbon Porosity for Energy Related Applications
10:10 — Ivanov_ D., Materials Science _Institute of Mu_lhouse, Fr_ange _ _
10:40 Explormg_ fast structure formation processes with a combination of chip calorimetry
' and real-time synchrotron X-ray scattering
10:40 — | Burkitbayev M.M., al-Farabi Kazakh National University, Almaty, Kazakhstan
11:10 | Preparation, properties, and application of sulfur nanoparticles
Coffee break 11:10 — 11:40
11:40 — Mitchell G.R., Vice-Director Centre for R_apid and Sustainable Product
12le Developmgnt - (CI_DRSP-!P_EIRIRA) Mar_lnha _Grande, Portugal _
' Opportunities for Direct Digital Manufacturing with Energy Storage Devices
_ Harris P., Electron Microscopy Laboratory, Department of Chemistry,
12:10 - : . :
1240 Unlver3|ty_ qf_Readlng, U_K _ _
Non-graphitizing carbon: its structure and formation from organic precursors
12:40 — Oksengendler B.L., Institute of lon-plasma and Laser Technologies, Academy
) of Sciences of Uzbekistan, Tashkent, Uzbekistan
13:10 L : -
Nanofractals: basic conception and applications
LUNCH 13:10 - 14:30
Oral Session
Session 1
Carbon Materials and their Session 2
Application Nanoenergetic Materials
Session Session Chairs: Ongarbayev E.K, Session Chair: Tulepov M.1., KazNU,
Chairs: KazNU, Kazakhstan; Kazakhstan;
lvanov D., France Oksengendler B.L., Uzbekistan
_ : Messerle V.E., Almaty, Kazakhstan
14:30 — | Gabdullin M.T., Almaty, Kazakhstan . 7 .
14:45 | Nanotechnologies in hyd¥ogen energy Modeling of plasma ignition of pulverized

ultramilling coal




Muratov M.M., Almaty, Kazakhstan
Research and development of national

Tulepov M.1., Almaty, Kazakhstan

14:45 — : ; ! :
15:00 nano@echnol_oglcal laboratory _of open Energy—mtenswe materials for gas-
' type in the field of nanomaterials and generator cartridges
nanotechnology.
Y_eleuov M., Almaty, Kazakhstan | Yinghua Ye., China
_ Rice husk-derived porous carbon with .
15:00- few-laver araohene for  svmmetric Enhance Effect of Ammonium
15:15 electri():/ dogubIF:e-Ia or sy er>(/3a acitor perchlorate on the Reactivity of Nano
y pereap Al/CuO Thermite
electrodes
Smagulova G.T., Institute of - :
; ! Lizhi Wu, China
15:15- Combustion Problems, Almaty, Performance of TiO,/Al Reactive
_ Kazakhstan . . S :
15:30 , .| Multilayer Films using in Laser-Driven
Carbon nanotubes: features of synthesis
o Flyer Plates
and applications
Abzhali A.K., Calgary Myltykbayeva LK. Almaty,
_ . . Kazakhstan
15:30 — | Nanoenergetic materials and low carbon L .
_ . Carbon dioxide conversion of methane on
15:45 | energetics on common resource and :
: the catalysts based on metal oxides of
technological bases i
variable valency
Coffee break + Poster session I: 15:45 —17:00
Zhubanova A.A., Almaty, Kazakhstan | . .
17:00 — | Construction of new nanostructured gr'(l)%%tg?r';d' sEn tﬁé?gtgilﬁ?lzrgﬁhﬁtatﬂe oil
17:15 | carboninated biosorbents for g 5y g
; sand pyrolysis
biotechnology
Shokatayeva D., Almaty, Kazakhstan
i The physical and structural properties of | Umbetkaliev K.A., Almaty, Kazakhstan
17:15 - : : AR
) bacterial cellulose obtained by Technology of plasma gasification of
17:30 o : . :
cultivation of a producer strain on media | solid fuels
with industrial wastes
Sadykov B.S. Almaty, Kazakhstan
17:30 Jandosov J., Almaty, Kazakhstan Mechanochemical treatment and
>~ | Invitro adsorption studies of voltaren nanostructured surface of metal particles
17:45 : : : : i
removal by rice husk-derived charcoals | is an effective way to increase the
reactivity of systems
Kamunur K., Almaty, Kazakhstan
17:45 — Kaidar B., Almaty, Kazakhstan Burning Characteristics of AN/MgAl-
18: 00 Obtaining of carbon-containing fibers by | based Composite Gas Generators

the method of electrospinning

Supplemented with Fe,O3

DINNER: 18:00



Day 2, September 13, 2018

Plenary session

Session | Mikhalovsky S.V., School of Pharmacy and Biomolecular Sciences, University
Chairs: of Brighton, United Kingdom
Lodewyckx P., Royal Military Academy, Department of Chemistry, Brussels,
Belguim
Plenary Speakers
09:00 Cesare Oliviero Rossi, Department of Chemistry and Chemical Technologies,
09-30 University of Calgbrla, Italy _ _ _
The effect of multiwalled carbon nanotubes on the rheological behavior of bitumen
Xanthopoulou G.G., Institute of Nanoscience and Nanotechnology, Athens,
09:30 — | Greece
10:00 | Nanocomposite Energetic Materials by Solution Combustion Synthesis: Synthesis
and Combustion Characterization
10:00 — | Mysyk R., CIC energigune, Spain
10:30 | Electrochemical capacitors: electrode materials, mechanisms and current R&D
challenges
10:30 — | Michela Alfe, Istituto di Ricerche sulla Combustione-CNR, Napoli, Italy
11:00 | An old but new nanomaterial: exploiting carbon black for synthesis of advanced
materials
Coffee break 11:00 —11:30
Plenary Speakers
Session | Mikhalovsky S.V., School of Pharmacy and Biomolecular Sciences, University
Chair: of Brighton, United Kingdom
Lodewyckx P., Belguim
11:30 — | Mikhalovsky S.V., School of Pharmacy and Biomolecular Sciences, University
12:00 | of Brighton, United Kingdom
New trends in the use of carbon materials for extracorporeal blood purification
12:00 — | Lodewyckx P., Royal Military Academy, Department of Chemistry, Brussels,
12:30 | Belguim
Estimating the service life of activated carbon filters for air purification
gig ~ | ISTC. Turebayev A.
LUNCH 13:00 - 14:30
Oral Session
Session 3
Session Nanomaterials and SHS synthesis; Oil and hydrocarbons processing




Chairs Mitchell G. R., Marinha Grande, Portugal;
Sultanov F.R., Kazakhstan
. Harris P., Electron Microscopy Laboratory, Department of Chemistry,
14:30 — : : :
14-45 University of Readlng, UK _ _
Structural transformation of graphite by passage of an electric current
14:45 _ Ongarbayev E.K, Almaty, Kazakhstan B _
15j00 Removal of metals and sulfur from tar by adsorbents modified with rare metals and
) nanocarbon
15:00 — Teltaye_v B.B., Almaty, Kazakhstan_ _ _ _
15j15 Increasing of low temperature stability of bitumen with the use of nanocarbon
) powder
15:15 _ Abdulkarimqva RG Almaty, Kazakhst{;\n _ _
15j30 Self—_propagatlng high temperature synthesis of composite materials based on boron
) carbide
15:30 — | Sultanov F.R., Almaty, Kazakhstan
15:45 | Recent developments in oil/water separation techniques
Coffee break: 15:45-16:15
16:15 — | Suleimenov K.A., Astana, Kazakhstan
16:30 | Study of thermooxidative pyrolysis of Shubarkol coal in a circulating fluidized layer
16:30 — | Nurpeissova A., Astana, Kazakhstan
16:40 | Novel LisTisO12/Si/C-PAN composite anode for lithium-ion batteries
16:40 — A_z_at S., Almaty, _Kazakhsjcan _
16:50 Silica/Ag composite materials as a new adsorbent for the removal of mercury ions
) from water
16:50 — Temir_galiyeva T.S., KazNU, Almaty Kaza_khsta_n _ _ _
17j00 Effective use of Carbon nanotube matrices in high-performance, lightweight
) electrochemical capasitor electrodes
17:00 — | Medyanova B.S., Almaty, Kazakhstan
17:10 | Synthesis of carbon nanostructures by the method of low-temperature CVD
17:10 — | Seitzhanova M., Almaty, Kazakhstan
17:20 | Obtaining graphene-based membranes
17:20 — | Daulbayev Ch., Almaty, Kazakhstan
17:30 | Synthesis and application of hydroxyapatite

BANQUET 18:30



https://www.researchgate.net/publication/223543693_Synthesis_and_application_of_hydroxyapatitepolylactide_composite_biomaterial

Day 3, September 14, 2018

Plenary session

Session | Mansurov Z.A., General Director of Institute of Combustion Problems, Almaty,
Chairs Kazakhstan
Ashurov N., Laboratory Nanostructured Composite Polymer Materials,
Uzbekistan
_ Ashurov N., Laboratory Nanostructured Composite Polymer Materials,
10:00 — )
10:20 Uzbekls_tan _ _
Perovskite-based solar cells: problems and ways of their solution
10:20 — | Vasilieva N., Almaty, Kazakhstan
10:35 | Synthesis of functional oxide materials
_ Beisenov R.E., Kazakh National Research Technical University, Almaty,
10:35 -
10-50 Kazakhstan N _ _
Heterostructures based on CVD graphene and transition metal dichalcogenides (TMD)
10°50 — Insepov Z.A., Tynyshtykbayev K.B.,_Nazarbayev Universi_ty, Astana, Kazakhstqn
11j 05 Low-temperature synthesis of graphenic carbon nanocomposites by surface passivation
' of porous silicon nanocrystallites with carbon atoms
Coffee break 11:05 - 11:30
11:30 — | Zakhidov A., Deputy Director of UTD-NanoTech Institute, Texas, USA
12:00 | Nanoenergetic Carbon nanotube twist fibers for high power actuators
12:00 — | Mansurov Z.A., General Director of Institute of Combustion Problems, Almaty,
12:30 | Kazakhstan
Synthesis and Properties of High Energy Materials
12:30 - Closing ceremony. Diploma awarding
13:00 '
LUNCH 13:00 - 14:00
14:30 — | Visiting tour at the Institute of Combustion Problems, KazNU, Faculty of
17:00 | Chemistry and Chemical

Technology, Museum




Posters
Day 1, September 12, 2018

1. Coal tar processing into nanomaterials
Imangazy A., Smagulova G.T., Kerimkulova A.R., Zakhidov A.A.

2. Al-based mixtures for flameless ration heaters
Kaliyeva A.M., Tileuberdi Ye., Galfetti L., Ongarbayev Ye.K, Mansurov Z.A

3. The study of the morphological structure of nanocarbon materials after chemical
activation

Nyssanbayeva G.R., Kudaibergenov K.K., Ongarbayev Ye.K., Mansurov Z.A., Capua
R., Alfe M., Gargulio V.

4. Bo3MOXHO JIM YIPABJISITH XUMUUYECKUMHU PEAKIUSIMHI Ha YTIEPOIHBIX U POJICTBEHHBIX
LEMSIX C TOMOUIBIO COTUTOHOB?

Oxcenreniep b.JI., Hukudoposa H.H., Typaesa H.H., Kapnosa O.B., Heuunopenxo
IO./.

5. Investigation of the effect of activated carbon (from plant raw material) based on
metal oxides for pyrotechnical purposes
Yelemessova Zh.K., Lesbayev B.T., Ruigi Shen

6. Electrical conductivity study of porous carbon composite derived from rice husk
Supiyeva Zh., Pavlenko V., Biisenbayev M., Béguin F., Mansurov Z.

7. Synthesis of SiC nanostructures on the surface of copper films
Kenzhegulov A K., Suyundykova G.S., Mansurov B.Z., Medyanova B.S., Partizan G.,
Aliev B.A.

8. High Mass-Loading Sulfur-Composite Cathode for High Performance Lithium-Sulfur
Batteries
Baikalov N., Almagul M., Kurmanbayeva I., Bakenov Z.

9. Meramnueckas yriepoaHas caxa.
KakcpubikoBa A.H., Kypman6aesa I'.I'., Hypraun A., Xanapoa A.A., HaxunkbI3bl
M., Jlec6aeB B.T., [Ipuxoasko H.T'.

10. Synthesis of solid high-energy compounds
Seisenova A.B., Aknazarov S.Kh., Juan Maria Gonzalez-Leal, Golovchenko O.Yu.,
Bairakova O.S., Kapizov O.S.

11. Functionalization of carbon based wound dressings with antimicrobial phytoextracts
for bioactive treatment of septic wound

Akimbekov N.Sh., Abdieva G.Zh., Ualieva P.S., Zhusipova D.A., Digel I., Tastambek
K.T., Zhubanova A A.




12. Silica based anode from local agricultural waste for LiB
Sadykova A., Mentbayeva A., Adi A., Kurmanbayeva I., Bakenov Zh.

13. Ocob6ennoctu GopMUpOBaHUs CTPYKTYphl IeHOK a-C<Pd,> u ee BiusHHE Ha
BEJIMYMHY 3aMpeIleHHON 30Hbl B 3aBUCUMOCTH OT MOIIHOCTH IIJIA3MEHHOIO pa3psijia
Pary3oB A.IL., Hemkaesa P.P., I'yceiinoB H.P.

14. HUccnemoBaHuWe arperaTMBHON YCTOWYMBOCTH BOJOHE(PTSHHBIX SMYJIbCUUA TpPH
00bIYe BBICOKOBSI3KMX He(TeH
Canaxos P.X., Xamunymnun P.®.2, boaeikos /[.Y.1, Celit:kanoBa M.A.

15. TTapamMarauTHBIC XapaKTEPUCTUKUA PUCOBOU MICTYXH MIPHU €€ TEPMOACCTPYKIIUN
Psbukun FO.A. baiitumberoBa b.A.,JIe6enes U.A.,CepukkanoB A.C., [Imutpuena E. A.

16. 3aBUCHUMOCTh CHTHaja 3P YIJIEPOJHON IJICHKU OT TeMIlepaTyphl Ha HEKOTOPBIX
MOJIJTOKKAX
Pabukun FO.A. baiitumberoBa b.A.,JIebenes 1.A.,CepuxkkanoB A.C., Imutpuena E. A.

17. W3ydeHue BO3ACHCTBHS AICKTPOTHAPABIMYECCKOTO 3(PdeKTa Ha BBICOKOBI3KYIO
He(Th
boapikoB [.VY., CeliToxanoBa M.A., CanaxoB P.X., Mancypos 3.A.

18. TlpumeHeHHWE KOMIO3UIIMOHHOTO MaTepuaia, YINPOYHEHHOTO YIJIEPOJIHBIMU
HAaHOTPYOKaMH B MUPOTEXHUUECKHUX 3aMEIITATEIIAX
[Mabnapamona III.E., Tynenos M.U., Dnoyanu b.

19. I'paden u mpupoaHBIE 0OOpa30BaHUS
[[Tabanora T.A., Ayenxankei3bl M., ['marones B.A.

20. Selective hydrogenation of acetylene using different carriers
Tanirbergenova S.K., Tairabekova S.Zh., Tugelbayeva D.A., Zhylybaeva N.K.,
Naurzbayeva G.M., Moldazhanova G.M., Mansurov Z.A.

21. Diatomite: Origins and Uses.
Zhaparova A., Nurgain A., Zhalgasbaikyzy A., Nazhipkyzy M., Lesbayev B.T.,
Prikhodko N.G., Mansurov Z.A.

22. YronabHbIe OpPHUKETHI C 3aKUTATEIbHBIMU COCTABAMMU.
Paxosa H.M., IlycroBanoB M.A., CynranoBa 3.JI., CaceixoBa JI.P., CmanoBa I'.A.,
Ao0npakopa @.10., Tynenos M.H., Mancypos 3.A.

23. ITon6op roprovero 1eMeHTaTopa, MO3BOJISIIEIO MPOU3BECTH KAUECTBEHHOE TOPEHHE
HEKOHJAULIMOHHBIX yTJIeH

Paxosa H.M., IlycroBanoB N.A., CynranoBa 3.JI., CaceixoBa JI.P., CnanoBa I'.A.,
Abapakosa @.10., Tynenos M.1., Mancypos 3.A.

24. Study of soot precursor formation in hydrocarbon flames
Auyelkhankyzy M., Slavinskaya N.A., Lesbayev B.T., Prikhodko N.G., Mansurov Z.A.



25. ITIpumenenue 3D npuHTHHTA AJ1 U3TOTOBIICHUS U3ACIIAN
Cynraxan L1.T., Hayp30aesa I'., Haxxunkeizel M., Mancypos 3.A.

26. The most efficient solid fuel for rocket launching
Serikbayev B., Tureshova G.

27. MeToabl CHIKEHUS MPOOMBHOM CITOCOOHOCTH (hpOHTA TUIAMEHH B IIAXTE
Mamncypos 3.A., Tyneno M.U., KazakoB HO.B., A6apakosa ®.10., Cynranosa 3.J1.,
AxumxkanoBa A.C., llanteixkoBa /., Magues C.

28. Synthesis of WS, crystals by the chemical vapor deposition (CVD) method on a
SiO; substrate
Beissenov R., Shaikenova A., Muratov D., Mansurov Z.A.

29. HccnemoBanue QopMUpOBaHUS TMOPHUCTOIO aHOAAa Ui TNPUMEHEHUS B
TBEPIOOKCHIHBIX TOTUIMBHBIX 3JIEMEHTaX
YwmupsakoB A.I'., beiicenos P.E., Mepeke A.JI.

30. O mozensix KoJIbMaTallMOHHO-CY(P(HO3UOHHON PUIBTPALIUU JUCTIEPCHBIX CUCTEM
Xamsuna b.C., balikagamoB b.A.

31. Sorption interactions of heavy metals with biochar in soil remediation studies
Kerimkulova M.R., Mansurov Z.A., Kozybaeva F.E., Oshakbayeva Zh.O., Kerimkulova
AR., Azat S.

32. Usrorornenne 3D-mopucToro aHoma Ha OCHOBE OKCHAa THUTaHA, OKCHIA KoOabTa
TUIs1 POTOKATATUTUYECKOTO PACIICTUICHUS BOIBI

Mepeke A.JL, YmupzakoB A.I'., beiicenoB P.E., PaxmeroB Bb.A., MyparoB [[.A.,
Aiitmykan T.

33. Pa3zpaboTka MeIJICHHOTOPSIIETO 3aMeNINTEIIBHOTO COCTaBa
["a6apamosa III.E., Tynenos M.U., Kazakos }0.B., Onoyanu b.

34. TlonyueHue OTHEYNMOPHBIX MAaTEPUAIOB Ha OCHOBE KapOuja KpPEeMHHS B PEKHUME
caMOCIeKaHus
CarbaeB b.H., AiimbGeroBa 2.0., EcoonoB H.Bb., ®omenko C.M., A6aynkapumona P.I".

35. HccnenoBaHue H3MEHEHHN MHUKPOCTPYKTYpPhl TEPHUKIIA30BBIX OTHEYMOPOB TIIPHU
3HAKOIEPEMEHHBIX TEIJIOBBIX Harpy3Kax
AxumieB A.X., Domenko C.M., bexmkanoBa M.T., Kopkembaii XK.

36. CuHTE3 CBEPXIPOBOJAIIETO KOMIIO3UTa HAa OCHOBE AMOOpHIa MAarHus B PEKUME
TBEep0(a3HOTO TOPEHUS
Tonenanynsl C., Pomenko C.M., Mancypos 3.A., Maptupocsiu K.C.

37. YnpaiieHre MpOIieCCOM TOPEHUS OpTaHU3aIuell KOAaKCHATLHOTO TIIaMEHU
JlecbaeB B.T, Ilpuxonpko H.I', Haxunkeizer M., Cmarynosa I'.T., Paxeimxkan H.,
VYcraesa I'.C., Mancypos 3.A.



38. Nanocomposite systems based on silicon dioxide, obtained by mechanical and
ultrasonic treatment
Mofa N.N., Chernoglazova T.V., Sadykov B.S., Oserov T.B., Shabanova T.A.

39. [lonmyyeHue ¥ mNpPUMEHEHHE HAHOCTPYKTYPUPOBAHHBIX COPOCHTOB Ha OCHOBE
npUpPOAHOTO rpaduTa
Amamnxoinosa /.M., Kynaii6eprenos K.K.
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COAL TAR PROCESSING INTO NANOMATERIALS

L2A M. Imangazy, 1°G.T. Smagulova, ?A.R. Kerimkulova, *A.A. Zakhidov
Ynstitute of combustion problems, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
SUniversity of Texas at Dallas, Richardson, USA
kazpetrochem@gmail.com

Abstract. Experiments on the extraction of technogenic nanofibers from coal carbonization products, namely, coal tar
are under development. In particular, the technology for producing nanofibers from coal tar using electrospinning
method under research.

In 2017, according to the BP Statistical Review of World Energy, the coal production in
Kazakhstan was 47,9 million tonnes of oil equivalent whereas coal consumption was only 36,2
million tonnes of oil equivalent. Theoretically remained 11,7 million tonnes of oil equivalent may
be processed into nanomaterials [1].

The main importer of Kazakh coal remains Russia, but the development of the energy sector
of the Russian Federation assumes a gradual transfer of consumption by the Ural power plants from
Ekibastuz coal to Kuznetsk coal. The increase in export volumes of Ekibastuz coals in the Russian
direction is not forecasted, due to the adoption of a program for the development of the Russian coal
industry for the period up to 2030, by order of the Russian government. According to this program,
it is planned to replace the consumption of Kazakh (Ekibastuz) coals by Russian power stations
with Kuznetsk coal and the transition of individual Russian power plants to gas [2].

At a joint seminar of the Institute of Combustion Problems and the Kazakhstan Highway
Research Institute, Professor Mansurov Z.A. and Teltayev B.B. proposed the idea of processing
local coals into the products with high added value, such as nanofibers, which are widely used in
medicine, biotechnology, power engineering, filtration systems, composite materials, etc.

The interest in nanofibers production caused by the fact that the mechanical properties of
these materials, such as tensile strength, bending and compression, the elastic moduli increase with
decreasing fiber diameter and accomplish a theoretical limit when reaching the nanoscale level.

Coal tar pitch is a solid product of coal tar processing with the yield of 50-60 wt%. Pitch is a
homogeneous and thermoplastic substance of black color with a brilliant wrinkled fracture [3].

The advantages of the electrospinning method is that, unlike normal, mechanical extrusion of
fibers from a solution, it does not show high requirements for the chemistry of the process, does not
require high temperatures for fiber solidification, and therefore, allows the creation of fibers from
long and complex molecules. Electrospinning is a complex, profitable and simple method for
manufacturing nanofibers.

Currently, at Institute of Combustion Problems, a new technology for producing nanofibers
from coal tar using electrospinning method under development. In connection with the release of a
huge amount of non-sold coals, it opens the possibility of developing new deep processing of local
coal technologies in Kazakhstan and construction of new enterprises near the coalfields, which in
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turn will smooth out export restrictions, reduce social tension, and bring new branch of
nanotechnology to our country.

References:

[1] The BP Statistical Review of World Energy, June 2018, P. 38-39
[2] «Samruk-Energo» JSC, https://www.samruk-energy.kz/ru/

[3] Coal tar // The Big Soviet Encyclopedia (in 30 tons) / Ch. Ed. A. M. Prokhorov. - 3rd Ed. -
Moscow: «Soviet Encyclopedia», 1973. — Vol. XI. - P. 258. - 608 p.
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AL-BASED MIXTURES FOR FLAMELESS RATION HEATERS

!Kaliyeva A.M., 13Tileuberdi Ye., Galfetti L, 1*Ongarbayev Ye.K, 1*Mansurov Z.A.
! Al-Farabi Kazakh National University, Almaty. Kazakhstan
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e-mail: asem.kaliyeva@mail.ru

Annotation. 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.

Flameless heaters (or flameless ration heaters - FRHS) are devices studied to heat soldier
rations without a free (and visible) flame. The same devices are used also for camping or other
outdoor activities, but also for innovative medical applications. FRHs exist in several configurations
depending on the functioning principle. This effect can be obtained following several strategies
such as, for example:

- the reaction of some carbonates with water,

- the reaction of some metal powders with water,

- the reaction of metal powders in air.

For this work, the third strategy has been chosen since it allows to avoid some specific safety
problems related to the reaction of metal powders such as Al and Mg with water (e.g. hydrogen
generation). As the main ingredient of the powder mixture was chosen aluminum.Aluminum (Al)
particles have several features that make them interesting for energetic applications. Compared to
powder of magnesium they have higher reactivity and lower ignition temperature. This work
focuses mainly on the pre-burning characterization of Al. In the analysis, different features of
various powders are investigated focusing on the application in energetic systems.

@ 200x (b)1Kx (c) 10K x

Figure 1 — SEM micrographs of spherical Al powder at increasing magnifications
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Scanning electron microscopy (SEM), transmission electron microscopy (TEM), specific
surface area (SSA) measurement, and volumetric techniques are considered for an extensive
characterization of the powder morphology (particle size, shape, and texture), structure, and
composition (active metal content).

To obtain powder mixtures for flameless heaters, mixtures of virginmaterials were subjected
to grinding in a ball mill with a variation the processing time (50 min, 65 min, 150 min). The list of
the ingredients used for the work can be found in Table 1.

Table 1 — Formulation selected for mechanical activation

Powder Modified Ref. Formulation
Al (spherical) 5%
Al (Flake) 70 %
MnO; 15%
Sio 10 %

The powders produced by ball milling were characterized in terms of apparent density,
absorbed PCA with respect to the sample mass (if any), granulometry, metal content and oxidation
behavior at low heating rate. Some powder features are reported in Table 2. Activated powders
exhibit a different color with respect to the reference material suggesting a significant inclusion of
MnO> and SiO into the Al matrix. The color change is also symptomatic of a reduction of the
particle size as testified by both the apparent density and the absorbed PCA. In case of very small
particles, characterized by a significant specific surface area (SSA), the extraction of the PCA by
standard drying procedure is extremely complex. In this respect, it should be noticed that higher the
milling time is, and lower the apparent density is. Correspondingly, increasing the milling time, the
powder color switches to dark tonalities. All these behavior becomes dramatic with the powder
activated trough the innovative technique.

Table 2 — List of the activated powders and main properties

Powder Label Color Absorbed PCA, % w.t. Apparent density, g/cm?
AS-Al_MnO,_SiO-MM Brown - 1.18
AS-Al_MnO,_SiO-50  Grey 0.0 0.62
AS-Al_MnO,_SiO-65  Dark Grey 6.3 0.50
AS-Al_MnO;_SiO-150 Dark Grey 16.7 0.38

Powder granulometry has been tested through a MALVERN MASTERSIZER 2000 laser
granulometer employing the dry unit SCIROCCO. Three measurements for each samples have been
carried out and averaged. Results are reported in Figure 2.

Mechanical activation promoted a significant reduction of the particle average size as testified
by Figure 2. In Figure 2, the red line identifies the reference material. Its distribution is
characterized by a single peak near 70 um, with a relatively long tail towards small diameter values
(lower than 10 pum). This feature is related to the presence of a significant mass fraction of
nanometric metal oxides. After the mechanical activation, the peak becomes less evident and moves
towards lower particle size value increasing the milling time.
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Thus, using a small amount of PCA dramatically affects the activation process, which leads to
a significant increase in its effectiveness. The use of mechanical activation can lead to the
production of nanometer pyrophoric materials with extremely high reactivity.

7 Particle Size Distribution
6
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—AS-Al Mn0O2_SiO-65, martedi 31 luglio 2018 15:03:15 —AS-Al Mn0O2_SiO-150, martedi 31 luglio 2018 16:36:27

Figure 2 — Particle size distributions of the four tested powders
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Abstract
We have developed nanocarbon materials from natural graphite and rice husk by heat treatment. Samples were
characterized by SEM-EDAX, FTIR, and ICP MS.

Introduction

Oil and oil-derivative are the most dangerous water contaminants in Kazakhstan. The oil
pollution causes serious environmental problems to aquatic organisms and humans due to the high
toxicity of many oil components. The removal of oil and oil-derivative from wastewater by
adsorption on solid sorbents is one feasible option to purify waters. To this aim we have prepared
solid carbon-based sorbents by heat treatment of natural graphite and rice husk. The aim of my
internship at IRC-CNR was the characterization of these materials and the collection of preliminary
data about their oil adsorption capacity.

Experimental section

Natural graphite (NG) of the Zavalievsky deposit of Ukraine has been used (Zavalievsky
Graphite Ltd., Ukraine, Kiev). Natural flake graphite, grade GTO-92, consist of 92.8 wt.% in
carbon. Rice husk (RH) has been recovered from a deposit of the filed Kyzylorda in Kazakhstan.

Sample preparation and post-treatment

Synthesis. EG has been produced at al-Farabi University of Kazakhstan by a heat treatment
method (Fig.1). This is a very simple method in which a mechanical mixture of natural graphite and
crystalline zinc nitrate hydrate (Zn(NO3)2 x 6H20) has been heated in air in a muffle furnace for
20 minutes at variable final temperature[1].

The RH carbonization has been performed at the Institute of Combustion Problems in
Kazakhstan. 15 g of RH were carbonized in a home-made reactor under argon atmosphere at
different temperatures for 1 h[2].

Washing. The samples have been purified at the IRC-CNR of Naples. 0.3 g of EG 600(70/30)
and CRH 600 have been stirred with 50 mL of distilled water for 30 minutes and filtered on a
Millipore FHUP 0.45 um filter membrane. The solid has been recovered and allowed to dry at 105
°C overnight[3].
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Base leaching. Base leaching treatment was performed in order to remove Zn oxide impurities
from the graphitic surface. This treatment was performed on the two EG samples obtained with
70:30 ratio at 500 and 600 °C. These samples have been selected since they exhibited the highest
carbon content among the EG samples obtained by using zinc nitrate as activation agent. The base
treatment was performed on 0.4 g of material by adding 50 mL of 5M sodium hydroxide (NaOH)
solution under stirring at the temperature of 90 °C for 2 h. After cooling to room temperature, the
solid was recovered by filtration and washed until neutrality (about 200 ml of water)[4].

Results and discussion
The results of the washing process are reported in Table 1.

Table 1 — Washing results

Name of Water, ml Time o_f mix, Yield, %
samples min

EG600(70/30) 50 30 93.5
CRH 600 50 30 94.2

The results of ICPMS analyses of the liquids recovered after washings are reported in the
table below (Table 2).

Table 2 — ICP-MS results (quantities are expressed in ppm)

sample EG 600(70/30) CRH600
Na 67.45 165.8
Mg 522.1 936.6
K 236.3 15830
Ca 707.5 1047
Mn 13.82 46.6
Fe <10 <10
Co <10 <10
Ni <10 <10
Cu <10 <10
Zn 1636 5.648
As <10 <10
Sr 4.096 11.64
Zr <10 <10
Mo 0.6923 0.6515
Cd 0.7217 0.6565
Ba 1.515 0.703

The results of base leaching are reported in Table 3. It is worth of note that after this
purification step about 40% of material (inorganic matter) was removed.

Table 3. base leaching results
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Name of samples NaOH, mL Time of stirring, h Yield, %

EG500 (70/30) 50 2 62.6

EG600(70/30) 50 2 61.0

The SEM imaging revealed that inorganic matter is present in EG350(70/30) sample,
probably zinc or iron oxides (Fig. 1).

Figure 1 — SEM images of expanded graphite (EG350(70/30) before NaOH treatment.

SEM imaging was also performed on the expanded graphite after base leaching. The samples
appear overall more homogeneous (Fig. 2).

Figure 2 — SEM images of expanded graphite (EG350(70/30) before
(left panel) and after (right panel) leaching by NaOH

SEM imaging on raw rice husk and carbonized rice husk at 600°C(CRH600) are reported in
fig.3
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Overall it can be observed that the carbonization process does not significantly alter the

macroscopic morphology of the RH.
The FTIR spectra of EG 500(70/30) before and after base treatment are reported in figure 20.
NG spectrum is also reported for comparison.

before
carbonization
RH

after
carboniza

Figure 3 — SEM images Rice husk (RH) and carbonized Rice husk (CRH600) at different magnifications

EG 30/70
500 °C after base
leaching

EG 30/70 500 °C
before base leaching

intensity [au]

NG

3200 2800 2400 2000 1600 1200 800 400
wavenumber [cm-Y]

Figure 4 — FTIR spectra of NG and expanded graphite (EG500 (70/30) after and before base treatment.
HHCTUTYT npobJieM ropeHUst
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The base treatment causes a dramatic change in the shape of the EG spectrum: in the spectrum
of the purified sample, the signals ascribable to zinc oxide around 470 cm-1 disappeared while the
signals due to the carbonaceous network around 1600 and around 1100 cm-1 appeared.

The same results have been found for the EG 500(70/30) sample treated with NaOH. The
spectra are contrasted in Fig. 5

EG 30/70
600 “C after base leaching /
e P A

- ——— s

—-
EG 30/70 600 °C / i
before base leaching / =

CAn e e i %

i &
NG r\. J £
/ /
™\ P\ o
\——_a e e N — - k..)/
3200 2800 2400 2000 1600 1200 800 400

wavenumber fcm']

Figure 5 — FTIR spectra of NG and expanded graphite (EG600 (70/30) after and before base treatment

The FTIR spectra of carbonized rice husk samples are reported in Fig. 22 All the spectra are
similar and exhibited an intense peak at 1100 cm™ ascribable to SiO, (Si-O linkage stretching

mode).

RH 900 \ﬁ
T RHS800 |
T ————— RH700 \/\/\\(
L RH600 ﬁf/\/\

3400 3000 2600 2200 1800 1400 1000 600
wavenumber [cm-1]

intensity [au]

Figure 6 — FTIR spectra of RH carbonized at different temperatures.

Overall, the CRH samples were characterized by broad shaped spectra with signals in regions
typical of ring vibrations in large condensed aromatic skeletons: C=C stretching around 1600 cm-1,
overlapped C-C, C-H stretching between 1500-1100 cm-1, aromatic C-H out of plane bendings
between 700-1000 cm-1 [Silverstain].

Conclusions

In this work expanded graphite (EG) and carbonized rice husk (CRH) were obtained by heat
treatment at different temperatures and by using different activating conditions. Samples were
purified and characterized by SEM-EDAX, FTIR, and ICP MS.
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BO3MOHO JIX YITPABJATHD XUMHNYECKUMU PEAKLITUAMMU HA YIVIEPOJIHBIX
N POACTBEHHBIX HEITAX C IOMOIIbBIO COJIMTOHOB?

B.JI. Oxcenrenmiep’, H.H. Hukudoposa', H.H. Typaesa?, O.B. Kapnosa®,
10./1. Heunnopenko*
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oksengendlerbl@yandex.ru,  2Webster University, USA
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[Ipemmaraercst HOBBI METOJ] YIIPABICHHUS PEaKIIMOHHON CIIOCOOHOCTBHIO TIOJMMEPHBIX [ETeH, OCHOBAHHBIA HA TOM, UTO
IIpU NPOXOXKIEHUU COJUTOHA IO LIETH B €r0 HOHUYCE JIOKAIBHO M3MEHSETCS AJIEKTPOHHBIN CHEKTP. DTO NPUBOIUT K
W3MEHEHHIO PEaKIMOHHON CcHocoOHOcTH Kak 1o KoyicoHy (HECMMMETpUYHBIH COJIMTOH), Tak M 1o bepcykepy
(cUMMeTpPUYHBINA COJUTOH).

BaxxHoil 0COOEHHOCTBIO yriepoaa SIBISETCS €ro MYJIbTHUBAJIEHTHOCTh, O KOTOPOHl OOBIYHO
TOBOPAT KaK O MYJIbTUTHOPUAM3ALMUHU €ro SJIEKTPOHHBIX COCTOSIHMM, U UMEHHO 3TO SBIISIETCS
OCHOBOWM MHOT'OYHMCJIEHHBIX THIIOB CTPYKTYp, IIOCTPOCHHBIX HA €r0 OCHOBE. BakHeHIIEeNn U3 Takux
CTPYKTYp SIBJII€TCSI KBa3UOJHOMEPHBIE MOJIEKYJIIPHBIE LIETIH, KaK B HEXUBOH [1], Tak u B KuBOMN
npupoje [2]. Bmecte ¢ Tem sicHO, YTO OJHOM KBa3HMOJHOMEPHOM CTPYKTYPHU3AIMH HEJOCTATOYHO
Ul pealu3allid MHOXECTBa SBJIEHUH, M K Hell HeoOXoquMo J00aBUTh NpEACTABICHHUE O
XUMHUECKHUX PEAKIUAX, MPOUCXOJAIIMX IMpPHU aTake YIJIEPOJHBIX LEeNell MaJlbIMH MOJIEKYyJIaMu.
UpesBbl4aliHO Ba)KHO, YTO KBAHTOBAsl XMMHMsI TAKMX XUMHUYECKMX PEAKLUUN — TO NPUHIUIHAIBHO
HAaHOXUMHUS, MIOCKOJIbKY B XMMHUYECKHUN MPOLECC BOBIEKAIOTCSA KaK aTaKyIOIUE Mallble MOJIEKYJIbI,
TaK U JIOKaJbHble 00JacTU LEeNel, JIeKTPOHHAs CTPYKTYpa KOTOPBIX Ha caMOM Jiejie SBIseTCsS He
JIOKAJIbHOM, a KBa3WJIOKaJbHas B OOJIBIIMHCTBE CIy4yaeB HAaHOMAcCIITaOHOI.

ANTOPUTM TEOPETUUECKOTO pacueTa TaKOW XMMHYECKON peakiuu, eciii 0000IaTh MOAX0/IbI
Hwroapa, beiinepa, @ykym u bepcykepa [3], COCTOMT B pPOCHHCH 3JIEKTPOHHOW CTPYKTYPHI
COBMECTHOM CHCTEMBI (aTakyromledl MOJIEKYJIbl + KBa3WJIOKAIbHOM OOJIaCTH IIenH), a 3aTeM
MPUMEHEHUE BBIOPAHHBIX TNPEJCTABICHUN BBIIICO3HAYEHHBIX HCCIIEIOBAaHUI aBTOPOB. ITO
0OCTOSITENLCTBO HATAJIKUBAECT HAa MBICIb O TOM, €CTh JIM MPUHLIUIHAIbHAS BO3MOKHOCTh YIIPABIATh
ANEKTPOHHBIMU CTPYKTYpaMH COBMECTHOM CHUCTEMBI KaKMM-TO cHUcTeMaTHdeckuMm obOpazom. I[lo-
HalleMy MHEHHIO, Takas CUacCTJIMBas BO3MOXKHOCTb MMEETCS, MU ITO NPOMYCKAHHWE COJIUTOHHBIX
BO30OYXKJCHUI MO YIJEpOJHbIM (Jla M HE TOJbKO TAaKUM) ILEMsIM IpU aKkTaX aTaku MajbIMU
Mosiekynamu. IlosgcHuM ckazaHHoe Ha cxemax [2]. CoryiacHO pPa3BUTBIM IIPEICTABICHUSM,
COJIUTOHBI Ha MOJIEKYJIIPHBIX LIEMSAX JAENSATCS HAa CUMMETpUYHbIe U accuMMeTpuuHblie (puc.l [2]).
[Ipy MpPOXOXXKAEHUU CUMMETPUYHOIO COJNUTOHA (pHc.la) MPOUCXOAUT KBA3UMPOJOJIBHOE CXKaTHe
IIETIA, YTO MPUBOAUT K AehOpMaIiK 3JICKTPOHHOTO CHEKTpa Ienu B 00JacTH cKaTus (HOHMYyCA).
OTO HEMEUIEHHO MOAM(DUIMPYET SIIEKTPOHHYIO CTPYKTYPY COBMECTHOT'O COCTOSHHUS , TaK 4YTO
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YMEHBIICHUE HEPreTHYECKOTO PACCTOSHUS  MEXAY BBICIICH 3aHATOM M HHU3MIEH CBOOOIHOM
MOJICKYJISIPHBIMA  OpPOUTANSIMH Ha BpEeMs IPOXOXKACHUS COJUTOHA CYIIECTBEHHBIM 00pa3oM

YMEHBIIAeT 0apbep XUMUUECKOH peakuuu (0T K ):
1)

rre  —BUOpPOHHAs KOHCTaHTA, — «YNPYrocTh Oapbepa peakiumy.

O4eBUHO, YTO MPU HEKOTOPOM  Oapbep BOOOIIE 3aHYISETCS.

) CuMMeTpHYHLA
m m Q M COANTOH
Hecﬁmme'rpuquun I .
i
a) 0)
Puc. 1 [2]. PactipocTpaHeHre HECUMMETPUYHOTO (2) U CUMMETPUYHOTO (0) CONUTOHOB IO CHHpaIBHON OeTKOBOMH
MOJIEKYJIE.

B ciyyae HecumMMmeTpudHOro coimuToHa (puc.la) Ooliee MOAXOMSAIIUM SIBIISICTCS OIMCAHUE
XMMHAYECKON peakiuu B paMkax mozaxona Koyncona [5]. BumgHo, 4To B HOHMYyCE COJIUTOHA
aKTHBHBIC OpPOUTAIM DPA3[BUTAIOTCS, YMEHbIIAS MEKAY COOOW MEpEeKpPhIBAaHUE M TEM CaMbIM
YBEIIMYMBAas WHACKC pEaKIMOHHOW crocoOHocTH KoylicoHa, YTO HEMEMIEHHO CTHMYIUpPYET
MPOTEeKaHWe XUMUUYECKOI peakluy IPU aTOME KOHUYCa COIMTOHA MEXAY MOJIEKYJIaMHU.

HpI/IHIII/IHI/IaJ'IBHO Ba’XHO OTMETUTD, UTO O6CY)K2136MI)II\/'I MCTOJ CTUMYJIMPOBAHUSA XUMHUYCCKUX
peakiuii Ha HensX MpH MPOMyCKaHUH Yepe3 HUX COMUTOHOB 3((eKTHBEH TONbKO Toraa, Koraa: 1)
MIPOMCXOJUT MOJIEKYJISIpHAs aTaka Ha HOHHUYC; 2) peaklus yclieBaeT NPOM30HTH 1O TOro, Kak
HOHHMYC yOeraer ¢ mecra ataku. O0a 3TUX YCIOBHUS MaTeMaTHUYECKH MOTYT OBITh 3alHCaHbl Kak
yKa3aHO HIKE:

1) BeposiTHOCTh TOMagaHUsI (- pasmep HOHHYyCa, — IUIOTHOCTh
aTaKyIOIIKUX MOJIEKYJ, — JMHEHHAas JIOTHOCTh COJIMTOHOB Ha EMX);
2) ( — BpeMs 2JIEMEHTApPHOTO aKTa PeakIi, — CKOPOCTh COJIHMTOHA).

Ham mnpexacraBnsiercsi, 4To mpejuiaraemasl Ujes BIIOJIHE MOXET OBbITh OIpaBAaHa, Kak B
HEOPraHMYECKOM, TaK U B OPTaHUYECKOM MHpPE KUBOHM mpupojsl. Ilpuyuem B mocinegHem ciaydae
KpaiiHe JI00O0NBITHO OMpoOOBaTh MJIEI0 HAa MEXaHU3MaX COKpAIIEHUS pacCTOSHUS MEeXay
YIJIEpOAHBIMH LiensMU [2], a TakKe Ha BHYTPEHHMX KJIETOYHBIX CTPYKTypax [6], yuuTsIBas TO
00CTOSITENTLCTBO, YTO, 1O MHEHMIO psna ydeHbix [2], mpu pacmage AT® Ha koHuax uemnei
BO3HUKAIOT COJIMTOHHBIE BO30YXIeHUs. He 3TH 1 coObITHS peryiIupyloT XMMUYECKHE PEaKkluu B
KUBBIX cUcTeMax?
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INVESTIGATION OF THE EFFECT OF ACTIVATED CARBON (FROM PLANT RAW
MATERIAL) BASED ON METAL OXIDES FOR PYROTECHNICAL PURPOSES
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Al-Farabi Kazakh National University, Almaty
2Institute of Combustion Problems, Almaty
3Nanjing University of Science and Technology, China
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The raw material for producing activated carbon is fossil fuels, bitumen, petroleum coal and
plant biomass, the latter being a renewable source. As a starting biomass, it is advisable to use
hardwoods, walnut shells and fruit stones. In this regard, the production of activated carbons from
plant biomass, such as walnut shells and rice husk, is an affordable alternative to the use of fossil
fuels.

There are many methods for producing activated carbons, based on natural and synthetic
precursors. Data can be conditionally divided into physical activation where gas-oxidant and
chemical activation are used, for which various chemical reagents are used. When the carbonaceous
precursor contains a large number of alkali metal derivatives, the activated carbon can be obtained
by simultaneous carbonization and self-activation.

Metal-oxide frameworks based on activated carbon (metal-oxide frameworks (MOFs)) - one
of the interesting directions in a wide field of application. The porous crystalline structure attracts
attention due to its high specific surface characteristics and the possibility of changing their
physicochemical properties by introducing metal centers. However, the process for preparing these
bulk polymers is expensive and multistage. In this connection, it is of interest to search for
alternative methods of obtaining bulk materials, one of which are structures based on multilayer
graphenes. A promising, simple and economical method is the method of obtaining graphene oxide
structures from plant wastes such as rice husk or walnut shells [1-3].

As a result of the study of activated carbon in pyrotechnics with metal-graphene oxide
frameworks:

1. Determination of evaporation (T=55-220°C) of water droplets and activated carbon in a
thermal substrate: a) complete evaporation of pure water — 12 sec; b) 99% water:1% activated
carbon (after mechanic activation) — 8 sec.

2. Measurement of the evaporation rate of droplets at room temperature on a teflon substrate:
a) total evaporation of 100% methanol - 190 sec, evaporation rate - 0.021ml/s; b) total evaporation
of 99% methanol:1% activated carbon based on metal - 125 sec, evaporation rate - 0.032 ml /s.

3. Also, the use of activated carbon based on various metal oxides in pyrotechnic
compositions, the combustion temperature and the burning rate were determined.
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ELECTRICAL CONDUCTIVITY STUDY OF POROUS CARBON COMPOSITE
DERIVED FROM RICE HUSK
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Introduction

Annual manufacture of various types and brands of activated carbons (ACs) is equal to
millions of tons, wherein the main consumers are petrochemical, food, mining and pharmaceutical
industries. Other advanced application of the activated carbons is to produce on their basis the
electrode materials for energy storage systems, mainly for electrochemical supercapacitors * as well
as for capacitive deionization technology utilized for a desalination of water.

The selection of carbon precursor is based on the available quantity, value, and cost required
for imparting this material the appropriate functional features. Since the rice is the biggest food
source for most humankind, the wide application of the rice husk (RH) might have a great practical
importance. Moreover the huge amounts of this waste by product accumulate on the rice mills
without any efficient utilization and recycling.

The decrease in density resulting from more stringent activation conditions reduces the
volumetric capacity which is most important for practical applications. For these reasons the present
work represents the high yield method for preparation of ACs from RH with predominant
microporosity combining moderate proportion of mesopores providing facilitated charge
propagation at high scan rates.

Materials and Methods

The cleaned and dried RH was derived from local farms of Almaty region, Kazakhstan, and
subjected for carbonization at 500 °C +10 °C in the nitrogen atmosphere. Carbonized RH was mixed
with potassium hydroxide by use the weight proportion of 1:2 (precursor to KOH) and activated at
different temperatures under nitrogen atmosphere. The resulting mixture was subjected to washing
by distilled water until the neutral pH. Carbons obtained on the basis of RH by use of chemical
activation are described by the index “RH-CA”, the number in the titles corresponds to the
temperature of isothermal treatment. The index of “RH(P)-CA” corresponds to the AC derived by
use of preliminary grinded RH.

The nitrogen adsorption isotherms were determined with an Autosorb-1 (Quantachrome
instruments, UK) in the range of relative pressures from 0.005 to 0.991 realized at -196 °C.

For evaluating the electrochemical performance in supercapacitors of carbons prepared from
RH the composite electrodes were used. The electrochemical investigations were conducted by
using the multichannel potentiostat/galvanostat VMP-3 (BioLogic Instruments, France).
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Results and Discussion

The low-temperature nitrogen isotherms corresponding to resulting ACs belong to Type |
(according to UIPAC), a characteristic of microporous materials. The existence of hysteresis loop
presented on each isotherm indicates the presence of mesopores that have diameter larger than 2
nm. The specific surface area calculated by BET and DFT have a maximum attributed to 800 °C
used as activation temperature. The change in the activation temperature toward a decrease or
increase resulted in a drop in this value. Thereby, this temperature is found to be the most adequate
for the high temperature treatment of carbonized rice husk during its activation by KOH.

It is established that application of powdered RH leads to formation of AC with sufficiently
higher developed porosity. The specific surface area (SSA) calculated by BET for ACs obtained
through activation at 800 °C was 35-55% higher when the powdered RH is used compared to non-
grinded RH precursor. In particular, the resulting SSA values were equal to 1519 m/g compared to
2315 m/g calculated by BET and also 1555 m/g versus 2001 m/g calculated by DFT respectively as
it shown in Table 1. Wherein the volume of micropores in RH(P)-CA-800 increases significantly,
while the volume of mesopores remains moderate and even lower compare to RH-CA-800.

The cyclic voltammograms (CVs) in 1 mol/l Li.SO4 for the RH derived AC and Norit DLC
Supra 30 used for comparison are presented in Figure 1a. The AC/AC cell assembled with RH-CA-
800 is represented by rectangular CVs, typical for a quasi-ideal electrical double-layer capacitor and
shows the good charge propagation properties. The comparative galvanostatic charge-discharge
curves for two-electrode AC/AC cells in 1 mol/l Li2SO4 using carbons prepared from RH are
represented in Figure 1b.

200 4 16

(a) b —— Norit DLC Supra 30
150 144 —— RH-CA-700

—— RH-CA-800
100 1.2 —— RH-CA-900
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—— DLC Supra 30
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T T T T T T
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Voltage (V) Discharge time, sec

(a) cyclic voltammetry at 2 mV/sec; (b) Galvanostatic charge-discharging

Figure 1 — Electrochemical measurements of 2E cells:

The cell assembled with carbonized RH activated with KOH at mild temperature (700 °C)
displays more resistive character and worse symmetry of charge-discharge curve. Meanwhile all the
systems display moderate ohmic drops at current load of 200 mA/g. Finally, one can see that the
values of gravimetric capacitance corresponded to KOH-activated RH is much higher than the
commercially available carbon Norit DLC Supra 30.

Conclusions

Our present study revealed that when the RH is used in a powdered form the overall specific
surface area became enhanced in the range of 35-55%, which means that one of the most important
factors is the control of the size of precursor particles subjected to impregnation or direct activation.
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SYNTHESIS OF SiC NANOSTRUCTURES ON THE SURFACE OF COPPER FILMS
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Abstract. The results of microwave plasma assisted synthesis of silicon carbide nanostructures by the method of CVD
are shown in the paper. The porous and polished silicon plates with orientations [100] and [111] were used as
substrates, the copper buffer layer was a catalyst. The experiments were carried out at temperatures of 600 and 700 °C.
The results of studies of the samples by X-ray diffraction analysis (XRD) and scanning electron microscopy (SEM) are
presented. As a result of the experiments, recommendations for more efficient growth of silicon carbide nanofibers were
developed.

Introduction

SiC nanostructures have become an important field of research due to their potential use as
nanostructured composite materials [1]. SiC nanostructures (NS) possess high chemical resistance,
thermal stability, mechanical strength and hardness, controlled by electrical conductivity and low
density [2-4]. Due to these properties, SiC is considered as promising material for use in reinforcing
materials, such as composites, biomaterials, high-temperature semiconductor devices used in
aggressive conditions [5,6].

In recent times, various forms of SiC have been successfully synthesized, including SiC
nanostructures [7], nanorods [8], nanofibers and nanotubes [9, 10]. The different methods are used
to synthesize SiC fibers, such as electrospinning [11], carbothermic reduction process [12], etc.
Despite this, the search for a simpler and more efficient method for the growth of SiC
nanostructures will still be relevant. The process of microwave assisted chemical vapor deposition
(MW-CVD) [13] is the most suitable and widely used method for obtaining fibers of various shapes
with a high-purity composition and pronounced orientation.

Experimental

Silicon plates (Siegert Wafer GmbH, Germany) with orientation [100] and [111] were used as
substrates. Also, in order to activate the surface during synthesis, substrates of porous silicon (PSi)
were prepared at the Educational Laboratory of Semiconductor Instrumentation (KazNU). Cu films
were deposited for 5 minutes by the method of magnetron sputtering based on VUP-5M. The
magnitude of the potential bias between the electrodes was 600 V, the plasma current was 28-30
mA. Copper deposition was carried out in the Ar atmosphere, the working pressure of which in the
chambers was 107 Torr.

NS synthesis was carried out in the Department of the Surface and Technology of New
Materials of Institute of Materials Engineering of the University of Siegen (Germany) on equipment
of microwave plasma assisted chemical vapor deposition (MW-CVD) of the ASTEX system
(frequency 2.45 GHz). The synthesis temperature ranged from 600 to 700 °C in steps of 100 °C and
was measured using infrared pyrometer of model Chino IR-AP M0011 (Japan). Plasma power was
fixed at two values of 1600 and 1800 W. Depending on the power of the plasma, the pressure in the
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chamber (40-47 Torr) was changed. The working gas was a mixture of trimethylsilane ((CHz3)4Si)
and hydrogen, the flow rates of which were 10 and 400 cm®min, respectively. The duration of the
experiments is 120 min.

Zeiss scanning electron microscope (SEM) of the model Gemini Ultra 55 with a device for X-
ray spectral microanalysis (Thermo Scientific) was used to study the morphology and elemental
analysis of samples. X-ray diffraction was carried out using Rigaku MiniFlex 600 XRD
diffractometer (Laboratory of X-ray diffraction analysis of Al-Farabi KazNU).

Results and discussion

Analysis of SEM images of the samples shows that the growth of NS on PSi surface is more
massive unlike polished Si. According to X-ray spectral analysis, the carbon content in the samples
of NS varies from 30 to 70%. Analysis of the diffractograms shows that the samples consist of
several phases that correspond to the following structural models: cubic silicon carbide B-SiC, cubic
copper Cu crystal, graphite gC.

Samples obtained at a substrate temperature of 600 °C are amorphous carbon films with
fibrous formations on the surface. It can be noted that longer NS are formed on porous substrates in
comparison with NS synthesized on polished substrates. The main difference on diffractograms is
that the intensity of X-ray reflection from SiC NS grown on polished silicon is higher. The peaks
corresponding to B-SiC [PDF #29-1129] from the (111) and (220) planes were identified on
diffractogram. The reflection inherent in copper Cu [PDF #04-0836] appears from the planes (111)
and (200)at the angles of 43.1° and 50.4°.

Figure 1 shows the diffraction patterns and SEM images of SiC NS synthesized on polished
Si and PSi with orientation [111] at 700 °C.
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Figure 1 - Diffractograms and SEM micrographs of samples synthesized at a substrate temperature of 700 °C on
polished (a, b) and porous (c, d) Si (111)

The analysis of the diffractograms (Fig. 1) shows that the reflection at angle of 26 =~ 35.7°
corresponds to B-SiC [F-43m {216}, PDF #29-1129] from the (111) plane. The reflection from the
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angles of 43.1°, 50.4° and 74.2° is due to the presence of copper Cu [Fm-3m {225}, PDF # 04-
0836] from planes (111), (200) and (220). Comparative XRD shows that the reflection from the
buffer layer of copper is more intense on the PSi. This indicates that the buffer layer of copper on
these samples is thicker, but this has slight effect on the growth of silicon carbide. An interesting
trend is observed in all diffractograms, when reflection from copper oxide appears on the substrate
with orientation [100], whereas it is absent for orientation [111]. This legitimacy is valid for both
porous and polished silicon. This is explained by the difference in the reticular density of the buffer
layer.

Conclusion

In the course of the research, experiments on the synthesis of SiC nanostructures by the
method of microwave plasma assisted chemical vapor deposition were carried out. Studies by SEM
have shown that the obtained NS have a diameter of 80-100 nm and a rough surface. The growth of
NS is more massive on the surface of PSi, in contrast to the polished Si. According to the results of
X-ray diffraction study, it can be said that the samples consist of phases of cubic silicon carbide -
SiC, a cubic copper crystal Cu and gC graphite. Thus, amorphous carbon films are formed at a
temperature of 600 °C, whereas B-SiC nanostructures are formed at 700 °C.

For a more detailed analysis of the NS structure, it is necessary to carry out additional studies
using transmission electron microscopy and diffraction of electrons.
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Abstract

Sulfur remains the focus of attention as a perspective candidate for the cathode material for
lithium-ion batteries. First of all, sulfur is cheap and has abundant resources, and secondly, has a
high theoretical discharge capacity (1675 mAh g-1). Lithium-sulfur batteries potentially can be
applied in the market portable devices and for storage of electrical energy. Nevertheless,
implementing Li-S batteries face several difficulties. The challenges are based on low electronic
conductivity of sulfur, solubility of polysulfides in the electrolyte and low mass loading of sulfur.
Conventional approaches are focused on the loading of sulfur into porous carbon hosts, coating with
polymers and encapsulating into various types of carbon materials. This research is aimed to
increase mass loading of sulfur in the composite, which in turn requires improvement in the
electrical conductivity. The conductivity of sulfur is improved with the use of polyacrylonitrile
(PAN) polymer and carbon nanotubes (CNT), while mass loading is increased with the use of 3D
current collectors (figure-1).

Figure 1 — Injection of sulfur composites into 3D current collector
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[lo3HaHMEe MEXaHU3MOB Ca)Ke0OpPa30BaHUS U CTPYKTYpPbI Ca’KEBBIX YACTHUI[ UMEET 3HAuCHHE,
KaK C TOYKH 3PEHUS 3aIIUTHl OKpYXKAIOMIeH Cpeabl OT HE(PTEmpOAYKTOB, TaK M C TOYKH 3PEHUS
NO3HaHUs GU3UKU U XUMUHU PA3IUUHBIX GOPM yriiepoja.

[Ipouecc oOpa3oBaHMsI Ca)KEBbIX YacTHI] OCHOBAH Ha pPa3jOXKEHUH YIJIEBOJAOPOIOB IO
JIeUCTBUEM BBICOKOW Temmeparypbl. VHTEHCHBHBIM mpouecc caxxeoOpa3oBaHHs B IUIAMEHAX
YIJIEBOJOPOAOB IMPOUCXOJUT MPU OTPAHUYEHHOM JOCTYIE BO3JyXa WU K€ MPU TEPMUUYECKOM
pa3oKEeHUU ChIpbsl 0€3 JoCTyna OKUCIUTENd. Peakuus SBiIsSeTCs SHAOTEPMHYECKOM M JUis
HETPEPHIBHOTO TPOJIOJDKEHHUST TIpolecca HEOOXOAMMO TeIIoBas JHEPrusi, KOTOpask BHOCHTCS
C)KMTaHUEM 4YacTH HCXOJHOrO ChIpbsi. CKOPOCTh TEPMHUYECKOIO Pa3lIOKEHHUs YIJIEBOJOPOIOB
3aBUCHUT OT TEMIIEpaTypbl Mpollecca U OCHOBHOE KOJIMYECTBO YTJIIEBOJOPOIOB C 0Opa3oBaHHEM
CaXM paszjaraercs B peakUMOHHOM oObeme mnpu Temmeparypax Bbime 1000 °C. Yem Bbimie
TeMIlepaTypa, TeM OoJibllee KOJIMYECTBO CaXEBbIX 4YacTUI[ OyaeT cGOpMUPOBAHO 3a JIaHHBIN
IIPOMEKYTOK BPEMEHHM M, COOTBETCTBEHHO, NpPH (PUKCUPOBAHHOM JIOCTYNE€ HCXOJHOTO CBIPhS,
pacxoJIyroIIero Ha ropeHue Oyaetr o0pa3oBbIBaThCs Oosee aucrepcHas caxa. [loxoxkas pabora mo
CHHTE3y METaJlI-yIJIepOJHBIX HAHOKOMIIO3UTOB NpHBeieHa B [1].

CuHTe3 caXu BBINOJHSIETCS B IUIAMEHU MPONaH BO3AYIIHOM CMeCH MpU HaAJOKEHUIX
ANEKTpUYECKOro nosst. CxeMa yCTaHOBKH ITPUBE/IEHA HA PUCYHKE 1.
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Pucynox 1 — Cxema ycTaHOBKHM JUIS CHHTE3a THAPO(GOOHOM caxku
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CreuuanbHbId TeHepaTop IPUBOIUT B ABMkeHUe Oapaban. [lon nelicTBueM Toka U MilaMeHU
cuHTe3upyeTcss caxka. CKOpocTh mojaud roproueii cmecu 70 cm®/mmn. PaccTosHue Mexmy
O6apabanoM u ropenkoil paBHa 2 cm. Caxa coOupaercsi B €MKOCTh C IMOMOIIbIO CIEIUAIBHOTO
cKpeOKa.

B mpennaraemoil paboTe Mbl NPEACTaBIEM HCCIEJOBAHME IO IPOU3BOJICTBY CaXH,
coZiepKaliel HaHOYACTHMILBI JKele3a, KoOaibTa M HHUKENA. OTINYUTENbHON 0COOEHHOCTHIO
MOJIYUEHHOM CaXu SBISIETCS TO, YTO HAHOYACTHIBI METajla OKYTHIBAlOT HAHOpPA3MEPHBIN
YIJIEPOJIHBIN CIJIOM, KOTOPBIM MPEAOTBPAILAET MX arperupoBaHUE M OKUCIEHUE Ha BO3AYXE.
Pa3mepsr yactuuek konedmorcs mexay 30-80 HM.

CUHTE3MpPOBAHHYIO CaXy IMpeajaraeTcs HCIOIb30BaTh B Ka4eCTBE COPOEHTA, a UMEHHO IS
COpOLIMM OCTaTOYHBIX HEe(TENPOIYKTOB Ha MOBEPXHOCTH BOJHBIX PECYpCOB, KOTOPBIE 3arps3HSIOT
OKPYKAIOIIYI0 MPUPOIY W MOPTAT 3Koioruto. [Iporecc 04ncCTKH MOBEPXHOCTH BOJBI C TIOMOMIBIO
MOJIYYEHHOU ca)Xul MpuBeJeH B Tabnuie 1:

Ta6muma 1. CopOuroHHast CToCOOHOCTh METAJUTHYECKON CakH

Macca copbenta, r | Macca copbupoBanHoi HeTH, T Karuist HedTu
0,1 0,118 20
0,2 0,236 40
0,5 0,354 60
1 1,003 170
15 1,534 260
2 2,065 350

B Ta6J'II/IH€ HCCICA0BAHO CKOJIBKO KaIll€JIb He(l)TI/I BIUTBIBACT NPUBCACHHOC KOJIUYCCTBO CaXXU.
FI/II[pO(l)O6HBIe Y MarHUTHBIC CIIOCOOHOCTH Ca)Xu ACIar0T €€ NACaJIbHbIM COp6CHTOM JJIs1 OYUCTKH
BOJbI. Tak xak oHa HE BCTYIIACT B PCaKHIO C BOI[OI\/JI, a TaK¥KC JICTKO yAAIACTCA C €€ IMOBEPXHOCTHU C
IIOMOIIBIO MAaruuTa.

Jluteparypa

1. K.A. barpacaposa, JI.M. 3emmos, I'.Il. Kapnauyesa, H.C. Ilepos, A.B. MakcumoukuHa,
OJI. Jzumsurypu, E.H. CunmopoBa. CTpykTypa M MarHuTHbIE CBONCTBA METaJlI-yIJIEPOJHBIX
HAaHOKOMIIO3UTOB Ha ocHoBe WK-nuponuszoBanHoro nomuakpunonutpuia u Fe // XKypmh.
®wus.TB.Tena, 2008, Tom 50, Bei.4. C.718-719
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SYNTHESIS OF SOLID HIGH-ENERGY COMPOUNDS

Seisenova A.B.12, Aknazarov S.KH.12, Juan Maria Gonzalez-Leal 3,
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1. AL-Farabi Kazakh National University, Kazakhstan
2. LP SPTC «Zhalyny, Kazakhstan
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Abstract

The aim of the work is to obtain solid compounds or a mixture of individual high-energy substances capable of burning
in the mode of self-igniting high-temperature synthesis due to the heat of exothermic reactions, with the allocation of a
large amount of gaseous working medium with a high temperature.

1. Choice of feedstock and its characteristics

Oxidizers are usually salts of mineral acids rich in oxygen and at this stage of work. In the
research under progress ammonium nitrate is chosen as the oxidizing agent. Ammonium nitrate
(NH4NO23) is a white crystalline substance, the melting point is 169.6 °C, the density is p = 1.725
g/cmd, it is highly soluble in water and extremely hygroscopic. It decomposes at a temperature of
210 °C with the release of nitrogen oxides[1].

Pure ammonium nitrate is a very weak explosive, but the addition of combustible substances
(organic, inorganic, metallic) to ammonium nitrate dramatically increases its explosive-technical
characteristics. Ammonium nitrate is an oxidizer containing in its volume more oxygen than
necessary for ionic oxidation of the hydrogen entering into its composition.

Sodium nitrate (NaNOs) or potassium nitrate (KNOs) is a strong oxidant, an excess of oxygen
in the decomposition of 0.47 and 0.40, respectively. The density of NaNO3 2.257 g / cm®, melt at a
temperature of 308°C, at a temperature above 380°C decomposes, is highly hygroscopic[2].

Potassium nitrate is a white crystal or a powder with a yellowish-gray hue, odorless. Density
2.109 g / cm?®, melting point 334°C, decomposition temperature 400°C.

Both nitrates are strong oxidants and react with combustible and reducing agents.

Fuel binder

The fuel-binder is a multicomponent polymer composition of predominantly combustible
substances capable of binding powdered components (oxidant, metal fuel, etc.) to a plastic fuel
mass and curing to form mechanical and other properties of the fuel charge.

As the main classification characteristics of combustible-binders, it is convenient to use the
chemical and phase composition (structure). According to the chemical composition, taking into
account the energy characteristics, it is conventionally accepted "inert" and "active" classes of
combustible-binders. In the research under progress, butyl rubber BK is chosen as an "inert" fuel
binder.

Butyl rubber is a product of copolymerization of isobutylene and a small amount of isoprene
(1-5%):
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The molecular mass of industrial rubbers is within the range (20-700)x103.

The plasticizers provide the necessary physicochemical characteristics to the components of
the energy condensed systems.

ASD-6 powder was chosen as the metallic fuel. The characteristics of ASD-6 from TU 48-5-
226-87. The content of free metal (activity) is 98%, the moisture content is 0.03-0.08%. The ASD-6
does not have impurities in the form of Fe and Si.

Hardener components of high-energy fuel are added to the system in excess of 100% to give
the product to be formed a stable, durable shape. As curing agents, epoxy resin type EDZ20,
isophorone diisocyanate, polybutadiene rubber with carboxyl end groups, di-N-oxide-1,3-dinitrile-
2,4,6-triethanol-benzene are used.

TON-2 is chosen as the hardener, which makes it possible to solidify the fuel composition at
room temperature (20-35 °C), and also to prevent polyamorphic transitions of ammonium nitrate.
Hardener TON-2 crystal powder light cream color, moderately hazardous substance.

2. Analysis

When selecting fuel components, their compatibility in the fuel composition was taken into
account. Also a physicochemical study of the materials was carried out to determine the
correspondence of these characteristics.

The selected metallic fuel is analyzed for the phase composition by the X-ray phase analysis.
The analysis showed that aluminum is the main phase for aluminum ASD-6 and PA-1, and there is
an insignificant amount of Al2Oz in aluminum ASD-6. Aluminum APSC contains a perceptible
amount of oxidized aluminum. Since the X-ray phase analysis is semiquantitative, a chemical
analysis using the volumetric method is used to more accurately determine the activity of the
reductant used.

The data obtained is to be differentiated from the passport data, especially for aluminum
ASD-6.

A phase analysis of the used nitrates was carried out. The substances consist of monophases
of the starting materials. A phase analysis of the ammonium nitrate used was carried out. The
substance consists of a monophase of the starting material.

Analyzes were also made for aluminum powders in Raman spectroscopy. Raman scattering
technology refers to vibrational molecular spectroscopy. Oscillations arise in molecules due to the
displacement of nuclei from the equilibrium position. [3] Vibrational spectra are recorded in the
form of infrared spectra and Raman spectra (Raman spectra).

The figures below show the spectra of aluminum obtained by Raman spectrometry and also
for the ammonium nitrate. The spectra were taken by using a 532 nm wavelength NdYAG laser and
100X objective.

The selected metallic fuel is analyzed on a multimode 3D microscope (Zeta Ltd., model Zeta
300). The Zeta 3D Optical Profiler provides fast, quantitative 3D representations of a surface
without contacting or changing the surface, and provides 3D images that really bring the
quantitative data to life.[4]

3D profiles were obtained with a three-dimensional image with a high defect resolution.
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The experiments were conducted in air, ignition was carried out by a heated metal plate to a
temperature of 5700 © C. The combustion of the samples is uniform. At o = 0.5, significant smoke
evolution in the form of CO.

Sample t1
Samsee 12
Sampie t0

Arcrmonnam nine

|
800

B f] N\

intensity

400!

Raman shift, cm-1

Figure 1 — Ramanoscope spectra of the feedstock. (SAMPLE Nel-APSC, SAMPLE Ne2-PA-1,
SAMPLE Ne3-ASD-6)

A comparative analysis of the combustion of systems containing micro- and high-active
aluminum when used without chlorine oxidants and inert fuel has shown that highly active
aluminum increases heat release in the condensed phase by intensifying exothermic conversion of
exothermic transformation in a narrow reaction layer, the stronger the higher the value of the excess
oxidant .

Analysis of fuel samples after combustion using aluminum ASD and highly active showed
that when using highly active aluminum in fuel samples, complete combustion of the initial
components takes place, both at o = 0.9 and o = 0.5. In the cinder there are only aluminum
compounds with calcium present in the rubber.

The advantage of using aluminum powder is a high rate of combustion of fuel, the
completeness of combustion of fuel components.
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FUNCTIONALIZATION OF CARBON BASED WOUND DRESSINGS WITH
ANTIMICROBIAL PHYTOEXTRACTS FOR BIOACTIVE TREATMENT OF SEPTIC
WOUNDS

N.Sh. Akimbekov?!, G.Zh. Abdieva?, P.S. Ualieva?, D.A. Zhusipoval, I.Digel?, K.T.Tastambek?,

A.A. Zhubanovat!
tal-Farabi Kazakh National University, Almaty, Kazakhstan
2Aachen University of Applied Sciences, Jiilich, Germany

Abstract. The treatment of septic wounds with curative dressings based on biocomposites containing sage and marigold
phytoextracts was effective in vitro and in vivo experiments. These dressings caused the purification of the wound
surface from purulent-necrotic masses three days earlier than in the other experimental groups.

In medicine, various sorbents and enterosorbents are widely used to treat food poisoning and
purulent-inflammatory processes. Sorbents have different properties and can differ in a number of
ways: according to the dosage form, physical properties and chemical structure. In recent times,
much attention has been paid to enterosorbents. Preparations for enterosorption should have a
convenient dosage form and possess good organoleptic properties.

In this regard, the creation of heterogeneous composites with high antitoxic, antimicrobial,
wound-healing activity based on the functionalization of CRH extracts of medicinal plants and the
study of their antimicrobial properties against agents of purulent inflammatory processes and food
toxic infections is relevant. The construction of wound dressings was carried out according to the
scheme (Fig. 1).

In the following experiments, the antimicrobial activity of functionalized biocomposites of
CRS + extracts of medicinal plants was studied in vivo.

Experimental studies were performed on male rats weighing 220+10 g. All animals were kept
in the same vivarium regimen. It is seen from the table 1 that, depending on the material used, the
experimental rats were divided into several groups.

As a model for studying the effect of CRH complexes on the healing of purulent wounds in
rats, the wound surface, experimentally adapted, was used in in vivo experiments. The upper part of
the back of the rats was treated with 70% ethanol after epilation. Then, a wound with a length of
2,5+0,5 cm and a depth of 4+0,1 mm was cut with a medical scalpel (15#, 15C#). The wounds of
the rats were infected with bacterial suspension to form an artificial purulent wound and after 24
hours the wounds were treated with materials.

Wounds were recorded daily on a digital camera and using ImageJ 1.35r (NIH, USA) the
healing process was determined.

To treat purulent wounds, the following tactics were used: The purulent wounds of animals
were covered with the examined wound dressing, and then the next day samples were taken, the
procedure was performed once in 2 days. The sampling of the material in this series was carried out
every second day.

The selection of the material was carried out from the wound surface with a sterile cotton
swab, after treatment from the depth of the wound, the inoculation was performed on blood agar
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according to Gould. Counting the number of grown microorganisms was conducted according to the

colony-forming units per 1 ml of wound (CFU/ml).

Obtaining Carbonized
Rice Husk (CRH)

. 4

Selection of medicinal
plants with high
antimicrobal activity

L 3

Study of physicochemical
and sorption properties of

Obtaning aqueous and
hydroalcoholic extracts of

CRH medicinal plants

Y Y
Obtaining a functionalized sorbent; biocomposite by
functionalization of CRH with phytoextracts

Study of the antimicrobial propertics of phytoextracts and
heterogencous sorbents in vitro

A 4

Constriction of wound dressings on the basis of
heterogeneous biocomposites and approbation of their
efferent properties in in vitro

X
Study of wound healing properties of dressings based on
heterogenecous biocomposites in vive

h J
Creation of dosage forms based on heterogeneous
biocomposites

Figure 1 — Scheme for designing the dressings based on heterogeneous biocomposites

Table 1 — Experimental animal groups

Groups of laboratory animals Method of treatment Number of animals
Control Intact 30
1%t experimental Dressing based on CRH + chamomile extract (CRH + PE 1) 30
2" experimental Dressing based on CRH + sage extract (CRH + PE 2) 30
3 experimental Dressing based on CRH + yarrow extract (CRH + PE 3) 30
4™ experimental Dressing based on CRH + bidens extract (CRH + PE 4) 30
5t experimental Dressing based on CRH + calendula extract (CRH + PE 5) 30

To assess the effect of biocomposite dressings, the dynamics of the morphological pattern
during wound healing was studied.

The obtained results showed that the complex preparation is the most pronounced wound-
healing effect: CRH + PE-2 and CRH + PE-5. According to the data, by the six days of treatment
the use of these biocomposites caused a reduction in the wound area in animals to 0,9 = 0,1 and 1,1
+ 0,2 cm, respectively. At the same time, in rats of control the area of the wound surface was still
insignificant. Only by eight days of treatment there was a further decrease in the wound area in the
animals of the control and experimental groups of CRH+PE 1, CRH+PE 3, and CRH+PE 4. The
use of combined sorption dressing (CRH+PE-2 and CRH+PE-5) resulted in accelerated restoration
of the wound surface and on the 8th day complete healing was observed, whereas in the control
groups the wound were healed for 12-14 days (Table 2).
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Thus, it was found that combined dressings based on CRH+PE-2 and CRH+PE-5 is a highly
effective sorbent material that stimulates reparative processes on the wound surface and exerts
draining, antibacterial, immunostimulating effects on the wound.

In the group of animals, compared to the control group (4,1x10°), the wound surface of which
was treated with CRH+PE 2 and CRH+PE 5, the number of CFU detected after 6 days was 0 and
1,2x10* CFU/ml, respectively.

Table 2 — Quantitative content of microflora (CFU) in wound material under the action of different
biocomposite

Groups of lab animals Time, days

2 4 6 8
Control 4,6x10° 6,9%x10° 4,1x10° 1,9x10°
CRH+PE 1 4,0x108 6,5x10° 3,9x10° 1,1x10°
CRH+PE 2 4,5x10° 8,5x10° 0 0
CRH+PE 3 1,2x108 1,6x10° 0,7x10° 1,5x10%
CRH+PE 4 3,5x108 7,4x105 5,5x10° 6,5x10°
CRH+PE 5 3,9%x10° 5,5x10° 1,2x10! 0

It can be assumed that the constituent components of the biocomposite CRH+PE 2 and
CRH+PE 5 have a greater antimicrobial potential compared to CRH+PE 1, CRH+PE 3 and
CRH+PE 4 due to broad antimicrobial action against purulent microflora, localization is faster
inflammatory process. Thus, the proposed model of staphylococcal infection caused by a strain with
virulent properties, reproduces the development of the infectious process with the presence of a
primary inflamed area. The dynamics of the antimicrobial effect of the biocomposites CRH+PE 2
and CRH+PE 5 indicates that their use for treating purulent wounds leads to a decrease in the
microbial number on the wound surface, i.e. to elimination of the pathogen.

The results obtained by us in vivo and in vivo suggest that treatment of purulent wounds of
rats with therapeutic dressings based on biocomposites containing sage and calendula extracts is
effective. These dressings caused the purification of the wound surface from purulent-necrotic
masses three days earlier than in the other biocomplexes. This means that a dressing based on a
heterogeneous biocomposite, has pronounced adsorption properties in relation to wound exudates,
including microbes and the products of their metabolism. As a result, the conditions for microflora
vegetation deteriorate, the wound is cleared, and the regeneration processes of the wound surface
are activated.
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SILICA BASED ANODE FROM LOCAL AGRICULTURAL WASTE FOR LIB
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Abstract. The study is focused on the synthesis of the silicon from rice husk and its application as anode material for
the lithium-ion battery. Results obtained show that the commercial and synthesized silica have same performance.

Introduction

The fabrication of SiO, anode materials by using biomass resources enables effective
utilization of agricultural waste in battery industries. Therefore, the aim of this research project is to
extract the amorphous silica from Kyzylorda rice husk and use it as an anode material for Lithium-
ion batteries. SiO2 has a very high theoretical capacity: 1965 mAh g, exceeding the capacity of
commercial graphite anode by multiple times [1-2]. Kazakhstan utilizes and grows a huge amount
of rice (about 65% from all cereal types) [4-5]. Thus, the aim of this research is to synthesis the
amorphous silica from local Kyzylorda rice husk and to use it as an anode material for LIB.

Experimental part

To remove mechanical contaminants the rice husks were rinsed with water and dried. Then
they were treated with HCI1 (10%) for 2 hours and were burnt in a muffle furnace: firstly, at 500 °C
for 2 hours, then at 700 °C for 2 hours [6]. The rice husk ash was dissolved in 2M NaOH (NaOH :
RHA =2:1)at 90 ° C for 2 hours. Then, hydrochloric acid was added to extract silica gel (formed
at pH = 7). The silica gel was washed by water in order to remove impurities and dried in the oven
at 110 °C. The anode electrodes were fabricated by mixing the silica with carbon and
carboxymethyl cellulose (CMC) at a weight ratio of 40:40:20, respectively, in water. The total
scheme of the half-cell battery is SiO> / KB / CMC | LiPF6 (1M) | Li. In order to compare,
commercial SiO2 (Aldrich) was used as anode material in a same way and tested.

Results and Discussion

The morphology of washed RH and after burning is shown in Figure 1 a, b. The surface of
RHA is twisted in the tube form compared to the RH. XRD analysis of RHA (Fig. 1, c¢)
demonstrates the peaks of crystallized composites, such as calcium silicate, dicalcium silicide,
magnesium silicide, magnesium oxide, phosphorus.

EDS data of SiO2 shows that the synthesized SiO> consists of Si, O and C (C is up to 6%)
(Fig. 2).

Figure 3 shows that the electrochemical properties of the assembled battery with SiO2 from
RH are not inferior to commercial silica.

Cyclic voltammetry of an electrochemical system with obtained SiO- in the voltage range 0.01
and 3 V at a scan rate of 0.1 mV / sec is shown in Figure 4. Wide cathode peaks in the region of 0.8
V and 1.5 V appear only in the 1% cycle, which means the decomposition of the electrolyte and the
formation of a solid electrolyte protective film occurred. Lithium ions and SiO (formation of an
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inert phase of Li.O or LisSiO4) makes an irreversible reaction [8-10]. This results in a significant
loss of capacity during the first cycle. The peaks of the CV are the same as two plates on the
galvanostatic discharge/charge curve of the 1% cycle (Fig. 3 a, b).
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Figure 1 — Rice husk ash analysis
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Figure 2 — SEM-EDS of SiO, from RHA

Conclusion

To conclude, the nano-sized (30-70 nm) silica was synthesized from the rice husk brought
from the Kyzylorda region and used as the anode material for LIB. The silica extraction and its
morphological study are done. Amorphous nature of silica is observed. Electrochemical properties
of SiO2 from RH with commercial silica have the same properties. The discharge capacity
constituted 1049 mAh/g in the 1% cycle, in the 2" it showed 438 mAh/g at 0.01 and 3.0 V.
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OCOBEHHOCTHU ®OPMHUPOBAHUS CTPYKTYPBI IIVIEHOK a-C<Pdx> U EE
BJIMSTHUE HA BEJIMYUHY 3ANPEIIEHHOM 30HBI B 3ABUCUMOCTHA OT
MOIMHOCTMH IIJIASMEHHOI'O PA3PAJA

A.IlL Pary3os, P.P. HemkaeBa, H.P. I'yceiinoB
HHIJIOT Ka3HYVY uwm. anp-®apabu 71, Anmatsr, Kazaxcran
ryaguzov_a@mail.ru

B pabore paccMmaTpuBaeTcs BONPOC JIETMPOBaHUS aMoOp(hHBIX anMa3onono0Heix yriepoaueix (DLC) mueHok
najulafiueM W BIUSHUS MOINHOCTH HMOHHO-ILUIA3MEHHOIO paspsfa Ha CIPYKTYpy M ONTHYECKHE CBOMCTBA
CHHTE3UpOBaHHBIX a-C<Pd> ruieHok.

VYraepon sBISETCS MEPCIEKTUBHBIM MAaTEPUANIOM ISl CO3/IaHUsSl OINpPENEeICHHBIX NPUOOpOB
JUIS HAHORJIEKTPOHUKH. Ha JaHHBI MOMEHT BBISIBIICHBI HOBBIE (DOPMBI CYIIECTBOBAHUS YIIIepo/a, B
KpUCTAJNTNYECKO (asze, oOmanaromue pa3andHbIME (U3UUYECKUMHU CBOMCTBaMHU. B TO ke Bpems
HEMalOBaXHBI HHTEepec Bb3biBaloT amopbueie DLC  (diamond-like carbon) mienkw.
CootHomieHue SpZ/Sp3 ruOpuan3aly CBS3€H B CTPYKTYpE YIJIEPOAHBIX IUIEHOK CYIIECTBEHHO
BIIUSIET Ha WX DJIEKTpOHHBIE cBoicTBa. Kpome sToro, Ha anekrponnsie cBoiictBa DLC mieHok
MOTYT OKa3bIBaTh BIUSHHE BEIIECTBA, HE OOpa3ylolIye C YIIepoJOM XHUMHYECKHX CBs3eH W
BXO/ISIIIIME B CTPYKTYPY YIJIEpOIHONW MaTpUIlbl B BUJIE U30JIMPOBAHHBIX HaHOUYacTUll. Kak u3BecTHO,
CBOWCTBA HAHOYACTHII CYIIECTBEHHO OTJIMYAIOTCS OT CBOMCTB BEHIECTBA B Makpo-cocTosHUU. K
BEIIeCTBaM, HE O00pa3yloIlUM C YIJIepoJIOM XUMHUYECKOM CBsI3M, OTHOCUTCS nayutaguil. [lammaauii
€IMHCTBEHHBIM METAIlI, Y KOTOPOTO BCE JIEKTPOHHBIC YPOBHH 3aIIOHEHBI. DTO SBISIETCS OJHOM M3
NPUYMH €r0 MHEPTHOCTH K 0Opa30BaHMIO XUMHUECKUX CBs3€il, HO, B TO K€ BpeMs, CYLIECTBYIOT
MPOIIECChl, TJe 0€3 MPUCYTCTBUS aTOMOB TMAJUTATUsl XUMHUECKHE PEaKIMH HEBO3MOXKHBI, T.€. OH
BBICTYIIAa€T B POJIM KaTalIu3aTopa.

MeTo10M MarHeTpOHHOI'O HOHHO-TUIA3MEHHOT'O PACIIbUIEHNsT KOMOMHUpOoBaHHON Mutienu (C-
99,999 ar.% u Pd- 99,99 ar.%) B armoctepe aprona (Ar- 99,999 at.%) ObLIM CHHTE3UPOBAHBI
amMop(HbIC YIIIepoaHbIC IJICHKH ¢ HaHoyacTuiaMu mautaaus (a-C<Pd>). KonieHtpanus namiaans
B a-C 1uleHKax ompenensigach METOJ SHEPrOAUCIHEPCHOHHOW PEHTTEHOBCKOM CIIEKTPOCKONMHUU
(EDS) na ycrpoiictee EDAX (AMETEC Materials Analysis Division, USA) u npuHuMana
srauenue 0,03+0,01 at.% u 0,20+0,03 ar.%. DLC nieHKu CHHTe3UpOBAIKCH MPH JIaBICHUU aproHa
0,7 IMa B wmaTepBasie momHOocTH DC 1urasmennoro paspsga ot 14 mo 21 Br. HMccnemoBanue
JIOKAJIbHOM CTPYKTYpHI IJICHOK MPOBOJWIN Ha pamMaHOBCKoM cnektpomerpe NTegra Spectra (NT-
MDT, Poccusi) C ucnonp30BaHHEM JIa3€pHOrO M3JIy4eHUs Ha AjuHE BOJMHBI 473 HM. U3ydeHue
ONITHYECKHUX CHEKTPOB MPpoBOIMIN Ha criekTpodoromerpe Lambda 35 (PerkinElmer, USA).

Ha pucynke 1 npencraBnensl pamanoBckue crektpsl DLC a-C<Pdy> xapakrepu3syromiuecs
OCHOBHBIM TIHKOM Ha yacToTe 1550 cM™ ¢ XapakTepHbIM IJIe4OM B HH3KOYACTOTHOH 0ONACTH.
Kpowme s1oro, B o6macTi yactoTsl 3000 cM™ mposBiIsieTcss BTOPOit TOPAIOK PAMAHOBCKOTO CIIEKTPA.
[uk nHa wactoTe 1550 cMl COOTBETCTBYET MOCTYMATENbHBIM KONEGAHHAM PACTSKEHHs SP2-Sp
y3110B, 1 0003Ha4aroT ero Oykeoit G (graphite). ITire4o B HH3KOUACTOTHON 00aCTH XapaKTEPU3YeET
MOSIBIICHHE JIBIXaTeIbHOM MOJBl IIeCTUTpaHHOM Mosekynbl Ce M yYKa3bIBaeT Ha CTENEHb
Pa3ymnopsiI0YeHHOCTH CTPYKTYphl WM OOpa3oBaHue KiacTepoB u3 Moiiekyn Ce B amopdHOii
yrieponnoi martpune. Kak BuaHo w3 pucyHka 1, cnektpel uuctbix a-C mieHok (puc.la) u
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JIETUPOBaHHBIX HaHOYACTULAMH Nayutagus (puc.10) OTAMYarOTCs IO HHTEHCUBHOCTH U MOJIOXKEHHUIO
BTOpPOTrO Topsiaka. MakCHMyM BTOpPOTO IMOpsiJKa Ha pucyHKe 1(0) cMemieH B BBICOKOYACTOTHYIO
o6macth Ha 100 cm. M3MeHeHHe MON0OKEHUs BTOPOTO TOPSAAKA YKA3hIBAET HA U3MEHEHHE JIMH U
yrioB cBs3el Mmexy C-C atomamu.
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Pucynox 1 PamanoBckas criektpockomnus a-C (a) u a-C<Pd> (0) ruieHOK CHHTE3MPOBAHHBIX TIPH Pa3HOU MOIHOCTH
IUIa3MEHHOTO pa3psia

Taxoe nzmenenne mexay C-C arTomMmaMu MPUBOAMT K YMEHBIICHUIO HHTEHCUBHOCTH G MUKa B
IUIGHKaX C HaHoYacTUIaMK namnanus. [lammaauii HEMOCpeICTBEHHO HE 00pa3yeT XUMHUYECKOU
CBSI3M C aTOMaMH yIJepoja, HO U3MEHEHUE NMOBEPXHOCTHOTO MOTEHIIMAa HAHOYACTUIbI TPUBOJUT
K €ro BIUAHHIO HA JHEPreTUYECKOe COCTOsHHMe Monekyn SpP° u sp? ysmoB. OmHAaKo, HYKHO
OTMETHTh, 4YTO ToJoXeHne G mHKa He MEHSETCs, YTO TOBOPHT O COXPaHEHHH OCHOBHOM
CTPYKTYpPHOH €IMHHMIBI YIJIEPOMHON MaTpuilel B JierupoBaHHbIX a-C<Pd> mnenkax. CoriacHo
aBTopam [1] monoxenne G mHa uwactore 1550 cm? xapakrepusyer DLC crpykrypy. Jdus Gomee
JETAILHOTO PAaCCMOTPEHHMs BIUSHUS HAHOYACTHUL] NMAJUIAJUS HA CTPYKTYpPY YIJIEPOJHON MAaTpHIIbI
MPOBE/IEM pa3ioKeHne OCHOBHOro G MWKa Ha COCTaBISIONIME TayCCOBCKOTO paCIpe/IeICHUS.
PasnokeHne Ha TrayccoBble COCTaBISIONIME IPOBOJWIOCH [0 TMPUHLIUIY MHUHUMAJIBHOTO
KOJIMYECTBA IHMKOB  OINHUCBHIBAIOIIMX  OKCIEPUMEHTAIBbHYI0 KPUBYID C  MaKCHUMAaJbHON
JIOCTOBEPHOCTHIO >0,999.

Ha pucyHke 2 mnpuBeneHbl CHEKTPBl C pas3iiokeHueM mno l'ayccy Ui Tpex MOIIHOCTEHR
1a3MenHoro paspsana 14 Br, 17,5 Bt u 21 Br. [lonoOHoe pa3noxxenue Habmo1aeTcs U As APYrux
MoIlHOCTeH. Bce ocHOBHble muku Kak B OecrnpuMecHbIX a-C IUIEHKax, TaK U B JIETHPOBAHHBIX
NaJUIaJUEM PACKJIaJbIBAlOTCSl Ha TPU JOINOJHUTENIBHBIX I'ayCCOBBIX NMUKA. TpeTwil MUK, COriacHo
€ro TIOJIOKEHHUI0, COOTBeTCTBYeT G MUKy, BTOpo# - D muKy, a TpeTHil mUpoKnii MK Ha 9acTOTe
1260 cm?, cormacHo pacmpeneneHuio (OHOHHON IIIOTHOCTM COCTOSHHMM Ul aaMa3’a, MOKHO
MIPUTIHCATh KOJIeOaTeIbHON MOJIE C sp3 rubpuau3amuen cessei [2].

Kak BHIHO M3 pHUCYHKa 2, yBEIMUYEHUE MOIIHOCTH MPHUBOJIUT K YBEJIMYEHHUIO 2 IraycCcOBOTO
nuka win D muka, kak B a-C mieHkax, Tak u B a-C<Pd> muenkax. [Tpu atom B a-C<Pd> mtenkax 2
MUK CYLIECTBEHHO Oosble nepBoro yxe npu P=17,5 Bt u npu P=21 BT ero mHTEHCHBHOCTH
MpakTUYeCKn paBHa mHTeHcHBHOCTH 3 mwka (G mumka). Takum oOpa3oM, HaHOYACTHIA TAJUIAINS
BIHAET Ha (POPMHUPOBAHHE SP? Y37I0B M MIECTUIPAHHOH MoneKyibl Ce.

WHcTUTYT Npo6JieM ropeHust

41



X International Symposium

«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»

XXCI./IblK,'CIpCI./IblK,' CumMnosuymbol

«DU3UKA KOHE XUMHA KOMIPTEKTI ’)KOHE HAHOSHEPI'ETHKAJ/IBIK MATEPHAJI/JAP»

X MescdyHapoonwlti Cumnosuym

«PU3HKA U XUMHA YTJIEPO/IHBIX H HAHOOHEPITETUYECKUX MATEPHA/IOB»

l"‘\l
4 |" ‘ | \
f 3 { A
;"' } [ \ r/ I'u
v .-"/ \ //‘ . \
/ 7 " / 3 \
// \ 7 ; \ it , \
/ | L v, | \‘. J \
-.;,.wf«—-'-/’ s Nosngtnand =" 2 ) OV -...,-———~—/ J \-..v-ww
Rixmam shafl. em Rixmam shafl. em Ramas sbafl. cm
a) P=14 Br 6) P=17,5 Bt B) P=21 Bt
A A A
{ [
| \ / \ J \I
/ ,| R\ A
'/ R 1\ / \\
1 p |
s
.»/ // \ 4 \
MWM/ VPN NU..MM‘M : \M "')"-MW \lw-w'f‘-‘
Rassaan shifl, cm’' Ramas shafl. cm Rames 2L cm’’
r) P=14 Bt n) P=17,5 Bt e) P=21 Br

Pucynox 2 PaznoxeHne 0CHOBHOTO IMHKa paMaHOBCKOro paccestus a-C mieHok (a, 6, B) u a-C<Pd> (r, x, €)
CHHTE3MPOBAaHHBIX IIPH TPeX MOUTHOCTX paspszaa 14 Br(a, r), 17,5 BT(6, 1) u 21 B1(s, €)
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PucyHok 3 3aBHCHMOCTS MIMPUHBI 3AMPEIIEHHON 30HBI OT MOIITHOCTH pa3psijia U KoHneHtpanuu Pd

N3 pucynka 3 BHAHO, YTO MIMpPWHA 3aMPEUICHHON 30HBI YMEHBIIAETCS C YBEIHMYEHHEM
MOIIIHOCTH IJIA3MEHHOTO pa3psiia, Kak B YHCTOM IuieHKe (1), Tak M B IUIGHKax € NPUMECHIO

naangus (2, 3). YBenuueHHe KOHLEHTPAIMM NaUTagusl NPUBOAUT K JOHOJHUTEIBHOMY
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YMEHBILIEHUIO ONTUYECKON HIMPUHBI 3amperieHHoi 30HbI. [lomyueHHBIE pe3ysibTaThl MO ONTHKE
KOPPEJIUPYIOT C U3MEHEHUSIMH CIIEKTPOB PAMAaHOBCKOTO PACCESHUS U C JAaHHBIMH 10 Pa3I0KEHHUIO
OCHOBHOTO MMHUKa Ha cocrapisitouiue. Panee aBropamu [1] onpeneneno, 4yro mieHku ¢ Eg > 1 3B
OTHOCATCS K alIMa30H000HBIM IIJIEHKAM C TIPOLIEHTHEIM COOTHOIIEHHEM SP° THOPUIN3MPOBAHHBIX
cs3eit Oomee 30%. Takum 00pa3oMm, MOXKEM 3aKIIOUHUTh, YTO HAOJIOJIaeTCA CYIIECTBEHHOE
W3MEHEHUE DJIEKTPOHHBIX CBOWMCTB aJIMa30IOJ00HBIX VYIJICPOJHBIX IUICHOK C BBEJCHHUEM B
YIIEPOAHYIO MaTpUIly HAHOYACTHUI Majulaius ¢ KoHueHTpauusamu meHee 0,3 at.%. 3To mo3Bossier
HauOosee 3 PEKTUBHO YIIPABISATH dEKTPOHHBIME mporieccamMu B DLC muieHkax u co3gaBaTh Ha UX
OCHOBE HOBbIE MPUOOPHI HAHODIIEKTPOHUKH.

1. Robertson J. Diamond-like amorphous carbon. Mater. Sci. Eng., R 37, p.129 (2002)
2. Ferrari A.C., Robertson J. Raman spectroscopy of amorphous, nanostructured, diamond—
like carbon, and nanodiamond. Philos. Trans. R. Soc., A 362, p.2477 (2004
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WCCJIEJOBAHUE ATPETATUBHOM YCTOMUYUBOCTHU BOJOHE®TSHHBIX
IMYJIbCHUM ITPA JOBBIYE BEICOKOBSI3KUX HE®TEN

Canaxos P.X.}, Xamuayuun P.®.2, Boabikos JI.Y.!, CeiiT:kanoa ML.A.!
IPTTI “Uncturyt npobiem ropenns”, yi. boren6aii 6ateipa 172, Anmarsl, Kazaxcran
?Kazanckuit Harmonansusiii MccnenobaTensckuii TexHonorunueckuil Y HuBepcurer, yi. Kapna Mapkca 68, T.
Kazann, Poccus

AHHOTAIIUSA

B naHHO# paboTe IpoBeeHA OlICHKA arperaTUBHON yCTOWIMBOCTH (A, %) myTeM LeHTpU(YrHpoBaHHs BOZOHE(TIHON
SMYJIBCHM TIPH 3aJaHHBIX Pa3IHYHBIX YCJIOBHAX INPOBEICHUS 3KCICPUMEHTAIBHBIX HCCIEIOBAHUN C IOCIETYIOIINM
OINpeJieJICHUEM KOJIMYEeCTBA BBIACNMBIIEIHCS BOIbl W3 HE(PTH B MpPOIECCE pacCIOCHUS CUCTEMbI Ha JBE
COCYIIECTBYIOIIHE (a3bl.

Beenenue

B UWncruryre Ilpobmem T'openus (Kazaxcran) coBmectHo ¢ Kazanckum Hayuno-
Uccnenosarensckum TexHomornyeckum YHuepcureroM (Poccust) mpoBonsarcs paboThl B paMKax
HCCIIEIOBAaHMsI TPOLIECCOB 00€3BOXKMBAHUS, 00ECCOIMBAHUSA, TPAHCIOPTUPOBAHUS U IMEPBUYHOMN
nepepaboTkn HepTH. B KauecTBe HCHBITYEeMBIX O00pa3loB ObLTa MCMOJIB30BaHA MPOMBICIIOBAS
BBICOKOBsI3Kass HepTh MecTopoxaeHus Kanrypumm pecnyonuku KazaxcraH. 9To MecTopokIeHHe
OTHECEHO K Haubosee KpynHeIM B 3amagHoMm KazaxcraHe ¢ OpPHEHTHPOBOYHBIM 3aracom
He(pTeOUTYMUHO3HBIX nTopoa 90-95 miH. ToHH [1].

YcTaHOBNIEHO, YTO OOBEKT MCCIEAOBAHUSA — BBICOKOBSI3Kasg M TspKenas HeQTh, cocoOHa
dopmupoBath B cucTeMe cOOpa YCTOHYMBYIO MPOMBICIOBYIO 3MYJIBCHOHHYIO CHCTEMY.
YcpenneHHsll pazMep 1700y BOAbI B HEPTH paBeH 9.8 MKM M arperaruBHON ycToiM4MBOCThIO 89,3
%. DKcrepUMMEHTAbHOE MOJIEIMPOBAHNE YHUBEPCAIBHOW 3MYyJIbCHOHHONW HEe(TAHOU TUCIEpCHOM
CUCTEMBI, NPUTOJHON Ui JajIbHEHIIEro MCCIel0BaHusl Ipolecca Ie3MyiIbcallii BOJOHE(TIHON
OMYJbCUH, TO3BOJIUJIO YCTAHOBUTH PEXKHMHBIE YCIOBUS JUCIEPTUPOBAaHUS U IIPUTOTOBIICHUS
CTaOWJIBHOW MO COCTaBy W JUCIEPCHOCTH, a TaK)K€ YCTOWYMBOM BO BpeMEHU BOAOHE(DTAHOMN
OMYJIBCUH.

OcHoBHast yacTh

Ha Ha4YaJIbHOM JTane 3arIaHUPOBAHHBIX UCCIIETOBaHUM MIPOU3BEICHO
MUKpodoTOrpagupoBaHie €CTECTBEHHOM 3MYJIbCUM BBICOKOBS3KOW W TSDKENIOM HepTH ¢ IeNbio
BU3YaJbHOTO MPEJCTaBICHUSI O CTPYKTYpe HEe(TSIHON NUCHEPCHON CHCTEMBI, MPUHAJIEKHOCTU K
TUIY 3MYJIbCUH (BOJIa B HE()TH UM HEPTH B BOJIE), O CTETIEHU TUCIIEPCHOCTH U pazMepax o0y
Boasl B HeQTH. [lo doTorpadusm pacuuTanu,4ro st SMYITCHOHHBIX BBICOKOBSI3KUX HE(TSHBIX
JMCIIEPCHBIX CHUCTEM C TIOBBIIIEHHBIM COJIEPKAaHHEM CMOJIMCTO-ac(haJbTEHOBBIX BEIIECTB U
MEXaHMUYECKUX MpuMeceil xapakrepeH 3pPexT QroKyasuuu, To ecTh CIUNaHus r1o0ys Boabl OT 3
no 17 wmxM. Ilpu »3TOM OTCYTCTBYeT mpolecca HX KOAJIECIEHLMH, YTO CIOCOOCTBYET
(GOpMUPOBAHNUIO MHOKECTBEHHBIX MOJIUUCIIEPCHBIX BOJAOHEDTIHBIX SMYIbCHIM.

Haubonee BaxXHBIM TOKa3aTesaeM JII000H MPOMBICIOBOM MIIM HCKYCCTBEHHO NMPUTOTOBIEHHON
MOJIETIbHOM 3MYJIbCUM SIBIISIETCSI YCTOWYMBOCTH €€ K pa3pylIeHHI0, T.€. pa3JeieHHI0 Ha
JHCTIepCcHY0 a3y M IUCIEPCHOHHYIO Cpely B Ipoleccax 00e3BOXKHMBAHUSA U 00ECCOIIMBAHUS TPU
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MOATOTOBKE HEe(PTHU, OCOOEHHO BBICOKOBSI3KOTO U TSDKENIOro HEPTSHOro Chipbi. B mpombicioBoit
NPaKTUKE M JIA0OPAaTOPHBIX MCCICIOBAHUAX TIPU ONPEACICHUU CTAaOWIBHOCTH SMYJIbCHH K
paspylleHHIo, Kak MpaBHJIO, [0 pe3yibTataM UeHTpUudyrupoBaHuss HEPTSIHONW AMCIIEPCHOU
CUCTEMBI TPOBOJAT SMIIMPUYECKYIO OLIEHKY €€ arperaTuBHOM M pacueT KUHETUYECKOM
YCTOHYUBOCTEH.

Omnpenenenue arperaTUBHOW YCTOMYMBOCTH IIPOMBICIIOBOM 3MYJIbCUM MPOBOAUIIOCH IIPH TPEX
peXUMax IEHTPU(YTUPOBAHUSA B 3aBHCHUMOCTH OT CKOpPOCTU BpallleHHsT pOTopa LEHTpUpyru —
2000, 2500 u 3000 ob6/MMWH W BpeMEHU — 5 MHUH. BBIIO BBISIBICHO, YTO TMOA JCHCTBHEM
LIEHTPOOEKHON CHJIBI TIPU OTHOCHTEIBHO MayioM 4mciie obopotroB neHTtpudyru 2000 o6/Mun
OMYJIbCUSl TIPAKTUYECKH HE Pa3Jeisiach Ha JBE COCYIIECTBYyMomUe (a3bl — HEPTh U IJIACTOBYIO
Boay. CremoBaTenbHO, OLIEHUTh YCTOMYMBOCTH SMYJIbCHOHHOW CHUCTEMBI IMPH TAaKOM PEXHUME
HEHTPU(PYTUPOBAHUSI HE TMPEICTaBIseTCs BO3MOXKHBIM. C yBenmueHHMEM dHciaa 000pOTOB
ueHtpudyru no 3000 o6/MUH SMyIbCHS MOTHOCTHIO pa3pyllanach J0 TaKOH CTEHNEHH, YTO B
OTAENUBIICHCS HEPTSIHOH (haze OCTaTOYHOE COJNEp)KAaHHWE BOIBI, ONpENeIeHHOEe MeTonoM JluHa-
Crapka, coctaBmsuio "cieapl". JlaHHBIA (DakT CBHIETENHCTBOBAI O HEBO3MOXHOCTH MPOBEICHUS
KOPPEKTHOH OLIEHKH YCTOMYMBOCTH 3MYJIbCHUHU, T.K. JAHHBIN [TOKA3aTeNlb MPAKTUUECKU PaBEH HYJIIO.
Haubonee npuemiieMbIM peXHUMOM SIBUIUCH CIEAYIOUINE YCIOBUS HEHTPU(PYTUPOBAHUS: YHCIIO
o6opotoB — 2500 06/mMuH; Temneparypa komHatHas (<20°C); BpeMsi HeHTPUPYTHPOBAHUSA — 5 MHH.
[Tpu Takux ONTUMANBHBIX YCIOBHSIX U UCXOAHON 00BOAHEHHOCTH HEPTH 27.7 % 00. mpoMBbICIOBast
AMYJIbCHUS TOCIIE YaCTUYHO OTJEIMBILEHCS IIACTOBOM BOJBI B TEUEHHE CYTOK XapaKTepHU30Balach
YHCIIEHHBIMU 3HAYEHUSAMU arperaTuBHON yctoiunBoctu 4,=88,3% 1 KHHETUYECKOW YCTOWYMBOCTU
K,=14,21-10° (m/c)™.

OKCIIepUMEHTAIbHOE  MOJAEIMPOBAHWE  YHUBEPCAIbHOM  SMYJIbCHOHHOM  He(TsHON
JUCIEPCHOM CUCTEMBI, NMPUTOAHON MJs JalbHEWIIEero McciaeloBaHUs Ipolecca Ie3MYNIbCalluu
BOJIOHE(DTAHOM SMYNIbCUHU, MPOBOAMUIIOCH MPHU PA3IMYHBIX YCIOBUAX JIUCIEPTUPOBAHUS YACTUYHO
o0e3BokeHHOW HedTH ¢ o00BogHEeHHOCThIO 2,7 % 00. B kauectBe naucnepcHoil ¢azbl
UCIOJb30BajJach MPOMBICIOBAs IJIAacTOBast BojAa, oToOpaHHas B orcroiiHuke YIICB (yctaHoBka
MIpeIBAPUTENILHOTO cOpoca BObI) MPEABAPUTEIBLHOTO 00€3BOKMBAHUS HEPTH HA JIMHUH JPEHAXA.
YcnoBust hopMuUpOBaHHS MOJICNBHBIX dMYIbCHit: Temneparypa — 20°C; 00BOHEHHOCTh dMYIbCHU
— 20, 25, 30, 35, 40 % 006.; Bpems mucneprupoBaHusi — 1, 3, 5 MUH; 4uCIO 0OOPOTOB MEUIANIKH
mucnepraropa — 1000, 1500 o6/MuH. YcnoBus npoBeAeHUs LIEHTPUPYTUPOBAHUS IPU ONPEIEICHUN
arperaTMBHOM yCTOMYMBOCTHU: BpeMs LEHTpU(YTUPOBaHUSA — 5 MHH; YHCIO 000pOTOB LEHTPpUDYTH
— 2500 06/mun; Temneparypa — komHatHas (<20°C). [lns pacyeTa KMHETHYECKOW YCTOWYMBOCTH,
T.€. OIIpe/ieNIeHUs] BpeMeHH (C) oceiaHus r100ys BoJbl Ha 1 M, OI[EHMBAJICS yCPEIHEHHBIN paanyc
SMYJIBIMPOBAHHBIX IJ100YJ MJIACTOBOM BOJABI B HEPTH MeTOA0M MHUKpockonuu. Ha ocHoBanun 30-
TH DSKCIIEPUMEHTAJIBHBIX Pe3yJbTaTOB Oblja COCTaBJI€HA TaONMIA «yCTOMYMBOCTU MOJEIBHBIX
BOJOHE(TAHHBIX AMYJIbCUI» U TablMla «apaliebHBIX OIBITOB CpPaBHEHUS YCTONYMBOCTH
MOJIEJIbHOM BOJIOHE(PTAHON IMYIIbCUI.

[Ipm >TOM arperaTuBHasT M KUHETHMYECKas YCTOWYMBOCTH IPOMBICIIOBOM M MOJEIBHOMN
OMYJIbCUI OKa3aJauCh UAECHTUYHBI. Clle0BaTENbHO, BBIBICHHBIE U IPUHATHIE SKCIIEPUMEHTAIIBHBIE
YCIIOBUSI MOJEUPOBAaHUS IO3BOJAT B JaJIbHEHIIEM MOJIy4daThb YHHUBEPCAIbHYIO BOJOHE(DTAHYIO
SMYJbCHIO, CBOMCTBA U COCTaB KOTOPOM OYAYT MOCTOSSHHBIMH, M HCIIOJIb30BaTh €€ B MOCIEAYIOMINX
AKCIIEPUMEHTAJILHBIX UCCIIEJOBAHUSIX MPOLIECCOB 00E3BOKUBAHUS U 00€CCOTMBAHMS BHICOKOBS3KOM
U TSKEJION
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BriBoabI:

1. Pe3ynpTaThl SKCIEPUMEHTOB MOKAa3ald, YTO OOBEKT HCCIIECHOBAHUS — BBICOKOBS3KAS M
Tskenas HedTh, crnocoOHa ¢opMUpoBaTh B CHCTeME cOOpa YCTOWYUBYIO IPOMBICIOBYIO
OMYJILCUOHHYIO CHUCTEMY. YCpEIHEHHBIM pa3Mep rio0ya BoAbl B HedTH paBeH 9.8 MKM H
arperatuBHOM ycToiunBocThio Ay=89,3 %.

2. DKCcIepuMEHTaTbHOE MOJAETHPOBAHWE YHUBEPCAIHHOH SMYJIbCHOHHOW HE(TAHOM
JUCTIEPCHOM CUCTEMbI, MPUTOAHON IJs JalbHEWIIEero MccieloBaHusl Mpoliecca JAedMYIbCcalluu
BOJIOHE(DTSAHOM AMYIIbCUU, MO3BOJMIO YCTAaHOBUTh PEKHMMHBIC YCIOBUS JUCIEPTUPOBAHUS U
MPUTOTOBJICHUSI CTAOWUJILHOW IO COCTaBy W AMCIEPCHOCTH, a TaKXKe YCTOMYMBOW BO BpEMEHHU
BOJIOHE(PTSHOM IMYITBCHU.

3. JlaHHble  pe3ynbTaThl  HCCIAENOBaHUS  OyAyT  UCHOJB30BaHbl Uil  HU3YUYCHHS
TEXHOJIOTHYECKOTO TIpolecca 00e3BOKMBAaHUS M O0ECCONMBAHUS NpPU TEPBUYHON IepepadoTke
HedrH.

Jlureparypa
1. Hagmpos H.K. BricokoBsizkue Hedtu 1 npupoanbie OuTymbl. Anmatsl, «[ suteiv» 2001 1.,
c. 194-195.
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IMAPAMATHUTHBIE XAPAKTEPUCTUKHA PUCOBOM IIEJYXH IIPU EE
TEPMOJECTPYKIIMHN

Paouxun 10.A., baiitTum0eroBa B.A., Jledenes U.A., CepukkanoB A.C., Imutpuena E. A.

Du3UKO-TeXHUUECKUI HHCTUTYT, Anmartsl, 050032

AKTHUBHpPOBaHHbBIE YTJIEPOJHbIE MaTEPUAIIbl U3 PUCOBOM LIEIYXU MOT'YT HalTH IPUMEHEHHUS B
XUMHUYECKUX HCTOYHMKAX DJJEKTPUUECKOro TOKa M JAPYyrux oOJsacTsax, TInae Tpedyrorcs
BBICOKOIIOPUCTBIC  yIVIEpOAHbIE Marepuanbl. Pemars o0003HaueHHbIE NPOOJIEMbl MO3BOJISET
KOMIUIEKCHBIA MOAXO0JA K IHepepaboTKe pPHUCOBOM IIETyXH C OJHOBPEMEHHBIM IPOU3BOJICTBOM
BOCTPeOOBAHHBIX MAaTEpUATIOB — COPOCHTOB Ha OCHOBE aKTMBMPOBAHHOI'O YIJIEPOAHOTO MaTepuaa
U JUOKCHJA KpeMHHusA. BbpiOOp MeTo/0B TmepepaOOTKU pPHUCOBOM MIETyxXu Oasupyercs Ha
HCCIIEIOBAaHUM COCTaBa OPraHMYECKOW U HEOPraHWYECKOM YacTU ChIPbsl, KOTOPBIN JUIsl pa3InyHbIX
pernoHoB BbIpamuBaHus puca (Kuraii, Munusa, Brernam, Kaszaxcran, Poccuiickas ®denepauns)
BApbUPYET B IIUPOKUX Ipenenax [1].

HccnenoBanuio MapaMarHUTHBIX CBOKMCTB  TepMOOOpPaOOTaHHBIX MaTEPUAIIOB METOJOM
3JIEKTPOHHOI'0 NapaMarHUTHOro peszonanca (OIIP) mocssiieHo 3HaYUTENBHOE KOJMYECTBO PabOT
[2-6]. Bonbiioit HTEpEeC B 3TOM IUIaHE MPEACTABISICT M3Y4YEHHE OTXOJOB MepepabOTKU puca, a
MMEHHO PHCOBOW IIENyXH, U OCOOCHHO B 3aBHCHMOCTH OT TeMIIepaTypbl IPOBEAEHUS Ipolecca
TepMHYECKON 00pabOTKH.

MeTo0M 3JIeKTPOHHOTO MapamMarHUTHOro pe3oHanca (OI1P) u3ydensl Hanmuuue u npupozaa
MIPUMECHBIX IapaMarHUTHBIX IIEHTPOB B oOpa3lax IUOKCHJA KPEMHUS, BBIJIEICHHBIX Pa3HbIMU
croco0amMM U3 IIETyXU puca B CPaBHEHUM ¢ oOpasliaMH KpeMHe3EMa, MOIYYE€HHBIMH M3 JIPYTuX
KpeMHE(PUIBHBIX pacTeHUH (IeIyXH OBca, CTeOJIel XBOIIa, XBOMHBIX), TMATOMOBBIX BOJOPOCIEH U
KOMMEpYECKUMHU 00pa3liaMi, KOTOpbI€ MPOM3BOIATCS B IMPOMBIIUIEHHOCTH M3 MHHEPAIbHOIO
ceIpbs [7-9]. ABTOpOoM uccienoBaHo [1] HalMuue u MPUPOJA MapaMarHUTHBIX TPUMECEH Jkeme3a
(IIT) u (unm) mapranua(ll) B o6pasnax amoppHOro kpeMHe3EMa 3aBUCAT OT psAja GaKTOPOB: ChIPHS,
13 KOTOPOTO MOJIy4YeH 00pasel, crocoda n3BJIeUeHUs] KpeMHe3EMa U ero TEpMUYECKO 00pabOTKH.

Cnektpbl OIIP cHumanu Ha MojaepHM3MpoBaHHOM crnekTpomerpe OIIP MPOC-1001-2M
TOMOJIMHHOTO THMA, padoTamlieM B 3-eM JAuana3oHe BOJIH IPU KOMHATHOW TeMmmeparype MHpu
ONTUMAJIBHBIX YCJIOBHUSIX PETUCTPALMU CIEKTPOB (MCHOJB3yeMas BEIWYMHA MHUKPOBOJIHOBOM
MOIIHOCTH HcKItouana 3¢dexTsl Hachiuienus quauu JIIP, a ammiuTyna MOIynsud MarHUTHOTO
noJig-ymupenue auHuu J11P).

[Ipu n3yyeHuH CTPYKTYpPHBIX U3MEHEHUI PUCOBOM IIETYXH B XOJ€ TEPMHUUECKON 00paboTKu
¢ nomouipio Meroaa OIIP-cnekTpockonmuu ObUIO YCTaHOBIIEHO, YTO OHA YyXe NMPU KOMHATHOU
Temneparype oOHapyxwuBaeT curnan DIIP (N=4,4-10% cnun/r, pucynok 1), KOTOpPBIH MOXKET OBITH
00yc/IOBIeH OOMEHHBIM B3aMMOJIEHCTBHEM 3a CYET TIeTepoaroMoOB B IIEJUIIONI03€, HATUYHUEM
KpaTHBIX CBSI3€H U JIOJITOKUBYILHMX CBOOOJHBIX PaliKalOB XMHOHHOTO WM (DeHU-TUIIA B JIUTHUHE,
o0pa3zoBaHHEeM CBOOOHBIX PaJIMKAJIOB MPU MEXAaHUYECKOM BO3JEHCTBUU (U3METbUYECHUH).
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Pucynox 1 — MI3MeHeHne KOHLIEHTpAMK [TapaMarHUTHBIX [IEHTPOB B MMPOAYKTAX TEPMOOOPAOOTKN PHCOBOI LIEITYXH B
3aBUCUMOCTHU OT TEMIIEPATyPhL

Tabnuna 1 — [Tapamerpsl criektpoB JI1P prcoBoil menyxu u npoayKTOB €€ TEpMOOOPadOTKH

Ne Oo6pa3zen Iupuna nunuu I11P, g-¢daxrop KonuenTpauus cs.
(AH), D paauKaioB (CIUH/T)

1 PII 8,4 2,0041 7,8:108

2 | TP, 200°C 7,4 2,0039 8-10'8

3 | TP, 250°C 4,9 2,0030 4,4-10%

4 | TP, 300°C 4,8 2,0030 2,1-10%

5 | TP, 350°C 4,8 2,0029 1,7-10%°

6 | TPII, 400°C 5,7 2,0027 1,8-10%

7 | TP, 450°C 5,6 2,0027 1,5-10%°

8 | TP, 500°C 4,6 2,0027 4,1-10%°

9 | TP, 550°C 4,4 2,0027 2,5:10%°

10 | TPII, 600°C 3,8 2,0027 2,2:10%°

11 | TP, 650°C 3,3 2,0027 2,4-10%°

12 | TP, 700°C 2,9 2,0025 1-10%

13 | TP, 750°C 2,4 2,0025 3,4-108

14 | TPIII, 850°C 2,5 2,0027 1,9-10%°

15 | TPII, 900°C 2,7 2,0025 2,2:10%°

16 | TPIII, 700-900°C 4,5 2,0024 1,7-10%°

C pocToM TeMIepaTypbl TEPMHYECKON OOpabOTKH, Kak CIeayeT W3 JaHHBIX TaOiumbl 1,
dopmupyercst o0mas TeHAEHIMs yMeHblleHus mmpuHsl JduHuil OIIP, onnako Ha doHe obuero
CYXXEHUSI MPOMCXOJUT HEKOTopoe ee paciupenue. [1ockoiabky pacmmpeHue JUHUM MOXET ObITh
00YCJIOBJICHO CIUH-CIIMHOBBIM B3aMMOJECHCTBHEM MEXIY pPaJUKAIaMH, TO, OYEBHJIHO, CTaIUsI
paclIpeHusl JIMHUM COOTBETCTBYET IE€PHUOAY AKTHBHOIO Pa3pyIIEHUS OCHOBHBIX CTPYKTYPHBIX
CBSI3eH NPUPOAHBIX MOJMMEPOB IO CBOOOJHOpagMKanIbHOMY MexaHusMmy [11]. B wuzysaemom
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MHTEpBaJe TeMIeparyp oOpabOTKH PHCOBOM HIETYXH TAKXKE MPOMCXOAUT MOCTEIIEHHOE CHIDKEHHE
3Ha4YeHUs1 g-(hakTopa, KOTOpPOe NPUONMKAETCS K 3HA4YEHUIO J-(akTopa CBOOOAHOTO 3JIEKTPOHA
(0=2,0023) B rpaduTOBBIX CTpyKTypax (Tabmuua 1).

[IpoBenénnoe wu3ydyeHue TpaduUTONOAOOHON CTPYKTYpHl — YIJICPOIHBIX OOpa30BaHUA,
NOJYYEHHBIX PAa3NMYHBIMH METOJaMH M C HCIHOJB30BAaHMEM PA3JIHMYHOTO HCXOIHOTO CBIPbS,
MPEJCTABISCT 3HAYUTEIBHBIN UHTEpEC. DTO 00YCIOBIEHO, B TOM YHCIE, U TE€M, YTO CTPYKTYpHBIC
npeoOpa3oBaHUsl PHCOBOM IIETyXH IO Mepe TEepMHYECKOH 00pabOTKHM, HO HE3aBHCHMO OT
TeMIepaTypbl ee 00pabOTKH B U3y4yaeMOM HHTEpBaJe MPOTEKAIOT Yepe3  CTaauio oOpa3oBaHUs
cBOOOAHBIX panukanoB. Ilpm MX pekOMOMHAIMM CO3JAIOTCS TEKCaroHAIbHBIE CETKH YIJIepoja,
MCTIBITHIBAIONIETO UKINYECKYIO MouMepu3annto. KoHeuHo, Bech 3TOT MpoIece B 3HAYUTEITBHON
CTENECHU ONPEACISIETCS TEMIIEPaTyPOil SKCIIEPUMEHTA.
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3ABUCUMOCTD CUTHAJIA 31IP YIJIEPOJHOM IVIEHKH OT TEMIEPATYPHI HA
HEKOTOPBIX IOJJIOKKAX

Paouxun 10.A., baiitTumoeroBa b.A., CepukkanoB A.C., JlebeneB U.A., ImurpueBa E.A.

Du3UKO-TeXHUUECKUI HHCTUTYT, Anmartsl, 050032

Meton  OIIP  sBisiercs  MOIIHBIM ~ MHCTPYMEHTOM  HCCIIE[OBAHMSI  YIJIEPOAHBIX
HaHOMaTepuasioB. LIeHHOCTh 3TOro MeToJa COCTOMT B TOM, YTO OH IO3BOJIAET OOHApyXUBaTh
HECIapeHHbIE AJIEKTPOHBI J1aXKe IPU OYeHb HU3KOW MX KOHLEHTpalMM B oOpaslax, He paspyuias u
HE BHUJOU3MEHSSI HUX, U NPU ITOM XapaKTepU30BaTb WX DSHEPreTUUYECKHE COCTOSHUS WIU
JIOKQJIM3aLMI0. DJIEKTPOHHBIN TapaMarHUTHBIN PE30HAHC IUPOKO UCIOJIb3YeTCs UIsl HCCIEN0BaHUs
YIJIEPOAHBIX HAHOCTPYKTYP [1-8].

B nanHo#i paboTe npoBeneHo U3yyeHue TeMnepaTypHoi 3aBucuMoctu curiana DIIP ToHkux
YIJIEPOAHBIX IJIEHOK, HAHECEHHBIX Ha MMOAJIOKKH U3 KBapLa, CIIOAbI U KPEMHUS.

[Inenkun mnomyuyanu Ha yctaHoBke AXS5200S—ECR ¢upmer Seku Technotron Corp.,
OCHAIICHHONM MMKpPOBOJIHOBBIM H3Jy4areneM [Jisi Bo30ykieHus IuiasMmbl. [Ipu mima3MeHHOM
pasnoxenuu cmecu CHs u H2 1 ocakieHun yriepoja Ha pa3JIM4HbIX MOJUIOKKaX (KBapll, CI0AA U
KpEeMHUI) 1 Ha HUX 00pa3yloTcs yriepoaHble IIJIEHKM TEMHOBATOrO cBeTa. B HaieM ciayyae Bpemst
OCAXJIEHHs yIrJiepoJa Ha MOJUIOKKY C OOpa3oBaHHEM IUIEHKH ObUIO 2 4aca NMpH BO30YXKIECHUH
miasmel B cmecu CHs + Hz +Ar mpu nasnenun 3,8-102 topp. IlogBomumas MHKpOBOJHOBAS
MOILHOCTb B Kamepy coctasisia 540 Br, a orpaxenHas — 84Bt, Harekanue B kamepy CHa u Ho
OBIIO OJMHAKOBBIM M paBHEIM 20 cM®/MUH.

OIP wu3MepeHus NMPOBOAMIMCH NMPH KOMHATHOM Temreparype B aTtMocdepe Bo3ayxa Ha
cnektpomerpe OIIP smonckoit ¢upmer JOEL, paGoraromem B 3-x cM jJmMana3oHe JJIMH BOJIH.
MakcuManbHas YyBCTBHTEIBHOCTh CIHEKTpoMeTpa cocTasisana 5-10° crmu/o6pasen mpu 100 kI
MOJYJIALIMA MarHUTHOT'O TOJISI.

B kauecTBe pemnepHOro odpasna HUCHoIb30BaTICh HOoHB Mn?* B MgO. CurHais! ot 06pa3ioB
¢ g-pakTopoM ~2 3aNMKUCHIBAIOTCS MEXKIY 3-i1 U 4-i1 KOMIIOHEHTaMH MIECTUJIMHEWYATOTO CIIEKTpa OT
Mn2*, O6pasel pazsMepoM 3X5 MM TOMEIIANCS B aMIy/ly U3 CTENHATbHOIO CTEKIa, He JAIOMIEro
curHasia OIIP. IIpu BBITONHEHUM PE30HAHCHBIX YCJIOBHHM IMYTEM W3MEHEHWsS MarHUTHOTO MOJs B
OIIpEICNIEHHBIX Mpenenax nospisuics curHan OIIP, KoTophlil AeTeKTHpoBaiCs W MOAABAJICA VIS
pacreyaTky CeKTpa Ha IPUHTED.

Ha pucynke | npeacraBineHsl TeMIepaTypHble 3aBUCMMOCTH MHTEHCUBHOCTEN curHana OIIP
YTIEpOAHOMN TUIEHKH Ha MOJIIOKKAX KBapIla, CIIOAbl M KPEMHHSL.

U3 pucyHKa BUIHO, 4TO TIPH M3MeHEHHH TemrepaTyphl go 200°C ammuryna curaan DITP
3aMETHO yMEHbLIAeTcs, a Jajibllie C MOBBIIIEHUEM TeMIlepaTyphl pacTeT ajs Bcex oOpasuoB. C
MOBBIIIEHUEM TEMIIEpaTypbl UMEETCs TeHAeHuus pocrta curHana JIIP. Cnenyer ormMeTuTs, 4To
CUTHaJI pacTeT HEPaBHOMEPHO, a C 00pa30BaHUEM MTPOMEKYTOUHBIX HEOOIBIINX MAKCUMYMOB.

Ha pucynke 2 mnpencrtaBieHbl TEMIEpAaTypHbIE 3aBUCHUMOCTH IIMpUHBI JuHHUU OIIP
YTIEpOAHOMN TUIEHKH Ha MOJIIOKKAX KBapIla, CIIOAbl M KPEMHHSL.
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UHIYKIHS, COOTBETCTBYyIOIIAs pe3oHaHcy. OOBIYHO YIiepoJHble IUIGHKH HMEIOT JOBOJIBHO
CIIO)KHBIA CTPYKTYpHBIH cOCTaB. B OCHOBHOM B Hero BXoJsT rpadeHonogo0HbIe 0Opa3oBaHus,
HAHOTPYOKU pa3IMyYHbIX TapaMeTpoB, TpaduThl pa3HOOOPA3HON OpraHU3aAIMN U UX OKUCIIBL.

Paboma evinonnena 6 pamkax npocpamMmHO-yene8020 QUHAHCUPOBAHUS NO peanu3ayuu
HAYuHOU, HayuHOo-mexHudeckou npozcpammol NeBR05236404 no meme: “Pazeumue HayuUHbIX OCHO8
CO30aHUsL HOBLIX HAHOMAMEPUANO8 U CHOCO0O08 UX AHAIU3A 0N NOJYYEeHUS NJIEHOK C 3A0AHHbIMU
noJe3HbIMU ceoticmeamu”
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W3YYEHUE BO3JENCTBUS JIEKTPOTHJIPABJINYECKOI'O DY®PEKTA HA
BBICOKOBA3KYIO HE®Tb

Boabikos JI.Y.., CeiiT:kanoBa M.A.12, Canaxos P.X.!, Mancypos 3.A.12
MucruryT npobnem ropenus
2Kazaxckuii HAIIMOHALHBIH YHUBEPCHTET UM. allb-Dapabu
*E-mail: d.bodykov@mail.ru

AnHoTtanusi. Ilo BeluuWHe HHTErpajbHbIX HHTeHcuBHOcTedl curnanos SIMP 'H, ¥C wuccnenyemblx Hedu
MmectopoxaeHuil «Kapaxan6ac»y u «Kanrypmm» mnpeactaBieHsl HUX (parMEHTHBIE COCTaBEHI. Mertonom
CHUMYJIMPOBAaHHOW IUCTWIUIALMHM TIOCTPOEGHA KaJUOpPOBKAa OTKIMKOB OTAENBHBIX (pakmuii ¥ OCHOBHBIX TIpYIII
YTJIEBOJOPOIOB HETH OT MX TEMIIEpaTyphbl KUIIEHUS 110 pe3yiibTaTtaM ananuza Heptu ['O/MC.

Beenenne

OnHuM M3 BHJOB KOMIUIEKCHOIO 3KCTPEMaJbHOIO BO3JeicTBUS sBisercs 3ddekr
BBICOKOBOJITHOT'O KOPOTKOT'O MMITYJIBCHOI'O JIEKTPOTMIPABINYECKOTO pa3psAia, KOTOPBI COYETAET
B ce0e OIHOBPEMEHHOE BO3/CHCTBHE HAa BEIECTBO CHJIBLHOI'O MEXAHMUYECKOI'O CHKATHsl, MOLIHOI'O
YIBTPa3ByKa, YIbTpaduoIeTOBOTO M HHPPAKPACHOTO U3ITYUCHHUS, KABUTAIITUOHHBIA U PE30HAHCHBIX
sBieHui [1].

CoBpemenHas cnektpockonus SAMP Bbicokoro paspemieHusi, SBJISSCh METOAOM Kak
KaueCTBEHHOI'0, TAK U KOJWYECTBEHHOI'O aHAJIW3a, HAXOAUT LIMPOKOE MCIOJIb30BAHUE B KOHTPOJIE
kauecTBa HepTu M HedrenpoaykroB. [IpeumymiectBom cnekrpockonuun SIMP B cpaBHeHuu c
APYTUMH METOAAaMHU HCCIeoBaHHsA He(pTH, TaKUMHU Kak Xpomarorpadus, mMacc-CHeKTPOMETPHS,
ONTUYECKasl CIEKTPOCKOIHUS, SBJIIETCS BO3MOXHOCThH IMOJIYYE€HHUS KOJUYECTBEHHON MH(pOpManuu
0e3 MpUMEHEHUs1 CTaHJapTHBIX 00pa3lloB M ATAJOHHBIX BemlecTB wiu cmeced [2, 3]. Tlokazarenu
KauecTBa He(PTH M HEPTEHPOAYKTOB 3AJI0KEHBI B HX JJIEMEHTHOM, CTPYKTYpPHO-TPYIIIOBOM,
(parMeHTHOM ¥ KOMIIOHEHTHOM COCTaBe€, KOTOpPbhI€ B KOJHUYECTBEHHOM BHJIE «3alIM(pOBaHBD» B
cnektpax AMP Bopopozaa u yriaepona HeTIHbIX OOBEKTOB.

JKCIepUMEHTAJIbHAS YaCTh

CoOpana ycraHoBKa [uig OOpaOOTKM He(PTH HIIEKTPOrMIPABIMUYECKUMH yaapamMu C
PacrojoKEeHUEM D3JIEKTPOAOB «ocTpue-gHO». OmucaHue YCTaHOBKH, METOJMKA MPOBEICHUS
IKCIIEPUMEHTA, aHAIM3bI Ta30BOH Qpakiuii u cBetioi ppakuuii HedhTH ommcana B padore [1].

Jlna ompeneneHus (parMeHTHOIO cCOCTaBa WCIOJIb30BaJIM 00pasel] BBICOKOCMOJIHMCTOMH,
BBICOKOCEPHHUCTON He(TH MecTopoxaeHus «KapakaH6ac» 1 BEICOKOBSI3KOH, OUTYMUHO3HOH HeTH
MecTopoxAeHU «OKaHrypmm.

Crnextpsl IMP 'H, BC o6pasunos nedtn cuumamu npu 25°C B jeiiTepupoBaHHOM
xnopodopme Ha crexrpomerpe JNM-ECA Jeol 400 (399.78 n 100.53 MI' Ha sxpax ‘H u 2C).
XUMHUYECKUE CABUTM H3MEPEHbl OTHOCUTENIBHO CHTHAJIOB OCTAaTOYHBIX INPOTOHOB WM aTOMOB
yriaepojaa JeHTepupOBaHHOTO XJI0opodopMa.

OOpa3upl  He(pTH  aHAIM3UPOBAIM  METOAOM  Ta30BOro  xpomartorpaga ¢  Macc-
cnekrpomeTprdeckuM getekropoM 6890N/5973N (Agilent, CIIIA) B pexxume ¢ neleHUEM MOTOKA
10:1. XpomarorpadupoBaHus MPOBOIWIA C HCIOIb30BAaHUEM KaNWUIApHOW KonoHku DB-5MS
nuHod 30 M, BHyTpeHHUM auamerpom 0,25 mm u tonmuuuoM mieHku 0,25 mkm. g ananmza
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He(pTH METOJOM CHMYJMPOBAHHOW TUCTUUIALMU C IIOMOILBIO Ta30BOM  XpOMAaTO-Macc-
CIEKTPOMETPUU HCII0JIb30BATIM METOAMKY, OIMCAHHYIO B UCTOUHUKE [4]. JlaHHBIN METOJ] OCHOBaH
Ha pacIpeleIeHUH MacCOBBIX JI0JIEH, PACCYMTAHHBIX OT U3MEPEHHOTO ITOJIHOTO MOHHOT'O TOKA.

Pe3yabTaThl M 00Cy:KIeHHE

Jns onpeneneHus (parMeHTHOro coctaBa HedTH MeronoM crekrpockonuu SIMP cnektp
SIMP H u B¥C HeTH 1 HePTENPOAYKTOB MOIPA3ACIAIOT HA P IUAMA30HOB XUMHUYECKUX CIIBUTOB,
COOTBETCTBYIOIIUX Pa3IMYHBIM MOJICKYJSIpHBIM (pparmentaM. [IpoToHHAas 00iacTh XMUMHUYECKUX
cABUTOB HeTH oxBaThiBaeT auarna3oH oT 0.5 go 9.0 m.a., paccMarpuBaemasi yriaepojHas 00J1acTh
XUMHYECKHUX CIBUTOB MMEET Pa3jiMuue B BHIOPAHHBIX 00JACTSX: HAUOOIBIIHA paccMaTpUBAEMbIN
quanazoH oT 0 1o 193 m.a. YuuTeiBas, 4TO 4yBCTBUTEIBHOCTh MPOTOHHBIX crekTpoB B 100 pa3
0O0JIbIIIe YTICPOAHBIX, HAMOOJIBITYIO HH(pOpMaIuio B criekTpax SAMP HedTH MOXKHO MONTY4UTH 1O
'H cnexTpam.

Jliis onpenenenust GparMeHTHOTO COCTaBa MCCIIeAyeMbIX He(pTH HaMu ObLUTH HCIIOJIb30BAHBI
JMAMa30Hbl XUMuYeckux casuros SIMP H u B¢ uis HeTenpoayKTOB, mpenioxeHHbie [.A.
Kanabunev ¢ cotp. [2].

[IpousBenss uHTErpUpOBaHUE YKa3aHHBIX obnacteil cnektpoB SIMP 1H u 13C onpenemnmu
¢dparmeHTHBIN cocTaB HepTH (Tabdmd. 1).

Tabnmuna 1 — @parmMenTHbid coctaB HepTH MecTopoxkaenus «Kapaxambac» u «Kanrypmm» (%
MacCOBBIH)

Tun Hedrts MecTopoxnenus Hedts MecTopoxnenus
aTOMOB «Kapaxxambac» «Kanrypm»
Hap 2,08 1,19

Hon 0 0

Hax 97,92 98,81

H, 5,29 5,17

Hg 59,52 69,80

H, 33,00 23,84

Cap 0 0

Can 100 100

Cun 2,21 4,06

Cun 19,91 18,39
Coty 97,79 95,94

Cq 77,88 77,50

[TonydeHHble pe3yabTaThl MOKA3bIBAIOT, YTO B COCTaBE paccMaTpUBAaeMbIX 00pa3loB HedTH
IIPUCYTCTBYIOT TepMHUHalIbHble CH3-rpynnel JUIMHHBIX aJKWJIBHBIX ILIENEH, UMEIONINE 3HAau€HUe
0.87 m.n. Hamuuwme MIMHHBIX QJIKWIBHBIX TNl KOMIIOHEHTOB He(PTH NpUIaéT MOCIEeIHEMY
BBICOKYIO BSI3KOCTh U OMTYMHUHO3HYIO KOHCHCTEHIIMIO. B 000X 00pasnax OTCYTCTBYIOT CHUTHAIBI,
OTHOCSIIMECS K auamna3zoHy 4,5-6,3 M.JI. — XapaKTepu3YIOUIMX HaJM4yhe MPOTOHOB OJePUHOBOM
npuposl. B ToBapHBIX HEPTAX cojepkaHue 0JIe(pUHOBBIX YIIIEBOAOPOAOB He mpebimaeT 1% [2].

CozepkaHne apoOMaTHYECKHX MPOTOHOB MO MHTErpadbHBIM HHTeHcHBHOCTAM SIMP 'H B
oboux oOpaszuax HegTu He npesbimaeT 2.08%, M0 MHTErpalbHBIM MHTEHCUBHOCTSM YTJIEPOJIHBIX
aTOMOB apoMaTHuyecKkue sjaep coBceM HeT.  Hwuskoe conepkanue npotoHoB He-thna B
yIIIeBOJOpOoaHOM cbipbe (5,17-5,29%) Takke CBUACTEIBCTBYIOT O HH3KOM COJACpKaHUU B
UCCIIeTyeMbIX 00pa3liax apoMaTHUECKUX 1 KapOOHUIIBHBIX YIIIEPOJOB, a TAKXKE IreTepOaTOMOB.

WHcTUTYT Npo6JieM ropeHust

54



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanblKapaavlk cuMno3uymbl
«DU3UKA KOHE XUMHA KOMIPTEKTI 2KOHE HAHOSHEPI'ETUKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DPU3UKA H XUMHA YTJ/IEPOJHBIX U HAHOSHEPI'ETUYECKUX MATEPHUAJ/IOB»

Copepxanue Oonbliel aonu nporoHoB H,-tuma B kapaxanOacckoit nHedtu (33,00%) B
cpaBHennu ¢ JKanrypmuHckon (23.84%) cBumerenbcTByeT o Oosblield AmuHE anu(aTHdecKux
YIIIEBOZOPOIOB TIOCIIEIHEH HEPTH U €€ TIOBBIIICHHOW BA3KOCTH.

B wmemnom, paccMoTpeHHBIE 00pasibl HE()TH OYEHb CXOXKHU IO (PparMEHTHOMY COCTaBy,
BSI3KOCTH M OMTYMHHO3HOW KOHCHUCTCHIIUU M MOTYT OBITh MCIIOJIb30BAHBI JUISI CMEIITUBAHHMS, & TAKIKE
MOJIBEpraThcs NepepadoTKe B OJJMHAKOBBIX TEXHOIOTUYECKUX PEKUMAX.

[Tomy4yeHHbIE XpOMaTOrpaMMbl ObLTH 00pPabOTaHBI C TIOMOIIBIO TPOTPAMMBI, pa3paboTaHHON
coTpynHuKkamu sabopatopuu «komorus Owmocheps» AI'TT [OXMA aproMaTH3UPOBAHHON
00paboTku XpomarorpapuuecKux M Macc-CIeKTpoMeTpuyeckux maHHbiXx Petrol Analysis [4]. B
OCHOBE pAaCYeTOB JICKUT TEXHHMKA KIACCOBOTO aHalM3a apOMAaTHYECKUX W HACBIIICHHBIX
YIJIEBOIOPOJIOB, TIO3BOJIAIONIAS BBIBOJUTH KOMIIOHEHTHBIH cocTaB HepTH 1o 11 rpymmam
YIJIEBOJIOPOAOB. Pe3ynbTarsl peacTaBieHsl B TabuIie 2.

Tabmuua 2 — KoMIOHEHTHBIN COCTaB pa3inyHbIX HePTeH

Ko obpasna «)I;I(z%)lé;ph;ng» «KEESEZQ%SC»
MMapadunst 15,92 15,95
HexoHneHcupoBaHHbIe HUKIIOTapadyHbI 19,62 17,4
KonzneHcupoBaHHbIe IUKIONAapadUHbI € 2 KOJIbLAMU 18,52 14,56
I I T
Benzounsr 5,65 9,48
HadrenobOeH301151 471 5,63
JunahTeHOOCH30IIBI 4,46 5,57
Hadramunsr 474 6,86
AnenadreHb 4,89 491
diryopeHsl 5,85 491
DeHaHTpEeHBI 3,16 2,76

Tabnuua 3 - [IpouieHT neperoHKu HePTHU B 3aBUCUMOCTH OT TEMIIEpaTyphbl

IIponent Temneparypa, °C Temneparypa, °C
MEPEroHKN | He(Th MECTOPOXKICHHS | HEYTb MECTOPOXKICHUS
HedrH, % | «KanOyprm» «Kapaxanbacy»
10 292,75 289,17

20 317,96 308,82

30 336,61 324,56

40 351,73 338,65

50 368,11 352,59

60 385,69 368,11

70 403,67 385,6

80 421,78 404,58

90 435,55 426

95 440,22 435,95
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Jns aHanm3a HeDTH METOAOM CHUMYJIMPOBAHHOW JUCTHIUISALIIMU C ITOMOIIBIO Ta30BOM
XpOMAaTO-MacC-CIEKTPOMETPUM  HUCIONb30BATM  METOAMKY, OCHOBAaHHYIO Ha paclpeleleHuu
MacCOBBIX [I0JIeH, PACCUUTAHHBIX OT M3MEPEHHOrO MOJIHOTO MOHHOTO Toka [4]. o moaydeHHbIM
pe3ynbrataM Oblla MOCTPOCHA KaTHMOPOBKA OTKIMKOB OTACTBHBIX (Dpakiuii U OCHOBHBIX TPYIII
YTJIEBOJIOPOZOB HEPTH OT UX TeMIIEpaTyphl KunieHus (Tadyiuma 3).
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INPUMEHEHHUE KOMIIO3UIIMUOHHOI'O MATEPHAUJIA,
YINPOYHEHHOTI'O YI'VIEPOJAHBIMUA
HAHOTPYBKAMM B IMPOTEXHUYECKHUX 3AMEJJJIMTEJIAX

HI.E. I'abapamoBa
Hayunsie koHCYIBTaHTH: K.X.H. Tynemos M.U., mpodeccop b. Dnoyann
Kazaxckuit HarmonansHe1li YHUBEpCHUTET UM. anb-Dapadu
esenjolovna_sh_@mail.ru

AHHOTanus. B nocienHue roipl 3Ha4YUTENBHbII HHTEPEC NPEACTABIACT KOMIIO3ULMOHHBIE MaTEpUaIIbl, YIIPOUHEHHBIE
C yIJIEpOJHBIMH HAaHOTPYOKaMHU. YHHKaJbHbIE CBOWCTBA YIVIEPOJHBIX HAHOTPYOOK IO3BOJISIOT HCIIONB30BaTh HX B
pa3HbIX OTpaciisiX, B TOM YHCIIE U B nupoTexHuke. Hamu ObLT pa3paboTaH 3aMeUINTEbHBIA MTUPOTEXHUYECKUIT COCTaB
Ha OCHOBE MOJU(HUIIUPOBAHHBIX KOMIIOHEHTOB.

BBenenne

[MupoTexHrUeCKue 3aMeIITUTEIbHBIE COCTABBI MPEIHA3HAYCHBI TSI 00ECTICYeHHUST BPEMEHHBIX
3aJiepKeK MEKAY BOCIIJIAMEHEHUEM U ITOCTaBKOH OCHOBHOTO 3 dekTa. OHM MUPOKO NMPUMEHSIOTCS
B TNHPOTEXHWYECKHX CPEICTBAX pA3IMYHOrO HA3HAYCHHUS, B TPOMBIIUICHHBIX CPEICTBaxX
WHULMUPOBAHKS, OJIEKTPOJCTOHATOPAX 3aMEUICHHOrO JelcTBusi, Ooempunacax [1-4]. [lns
pa3paboOTKM 3aMeIUTHTENBHBIX COCTaBOB HamOoJiee BaXXHBIM IMApaMETPOM SIBISIETCS TOYHOCTH
3aJIepKKU (TOYHOCTh CKOPOCTU TOpeHus). TOYHOCTh 3aAep)KKH 3aBUCHUT OT MHOTHX (haKTOPOB,
HampuMep, COCTaBIISIOIIME, pa3Mep dYacTul, IuloTHocTh W T.A. [5]. C  BBeneHHeM
MOJUGUIMPOBAHHBIX KOMIIOHEHTOB B 3aMEJIMTENbHBI COCTAB MOYKHO CYLIECTBEHHO MEHSThH €ro
CBOMCTBA.

B HacTosimiee Bpemsl yCWiIMs MHOTMX HCCIefOBaTeNel HampaBieHbl Ha pa3paboTKy
KOMITO3UIIMOHHBIX MaTepHaJIOB, YIIPOYHEHHBIX YIIEPOJHBIMH HAaHOTPyOKamMHu. MHOXXecTBO paboT
[6-8] mocBsiIeHO HCCIEIOBAHUIO CTPYKTYPHI, CBOHCTB KOMIIO3UIIMOHHBIX MaTEPUAIIOB,
COZIep KAIINX YIIIepOAHbIe HAHOTPYOKHU. ClleyeT OTMETHTh, YTO OOJBIION WHTEPEC MPEICTABISET
BBEJICHUS YIJIEPOIHBIX HAHOTPYOOK B METAIMYECKYI0 Marpuily, Takux kak Cu [9], Mg [10], Ni
[11]. YToObl yay4lmIMTH TOYHOCTH 33JCPKKH, CTAOWILHOCTH W HAJCKHOCTh TOPCHUS B
MUPOTEXHUUYECKUE 3aMeJIUTENIbHBIE COCTAaBbI ObLTH JI00ABJICHBI YIIEpOJHbIE HAHOTPYOKH.

JKCIEePUMEHTAJIbHASA YaCTh

JlJis mpUTOTOBJIEHUS PEaKLHMOHHBIX CMecei Hcmoib3oBanuch xpomar Oapus (TY 4211-75,
99,2% BaCrOs), mopomok Tutana wmapku I[ITOM-2, 98,50% 4YHCTOTBI W MHOTOCIOWHBIE
yraepoanble HaHOTPYOkH Mapku MYHT-3, kotopble ObuUIM MOJTYYeHBI B MHCTUTYTE KaTalll3a MM.
I" K. bopeckoa CO PAH [12].

Jlig ompeneneHus CKOPOCTU TOpPEHHUsi 00paslbl 3alpecCOBBIBAIMCH B LMIMHAPUYECKON
npecchopme ¢ auamerpoM 10 MM u BbicoToi 8-10 MM C MOMOIIBIO THJIPABIMYECKOTO Ipecc
unctpymenta YES Series Compression Testing Machine B HECKOIbKO 3ampeccOBOK IS
JOCTUKEHHSI PAaBHOMEPHOI IUIOTHOCTH 3apsiia IpU MakcuMalbHOW HampspbkeHun 6 MlIla. Ilocne
TIpeccoBaHUs 0Opa3Ibl CYIIHIICh Ha BO3IyXe pH Temmeparype 25°C B Teyernne 12 gacos.

HccnenoBanme mporiecca TOpeHHst 00pa3oB MPOBOAWIN B OOMOE MOCTOSHHOTO JaBIICHUS
o6beMoM 3,3 11, B MHEPTHOH cpejie. DKCIEPUMEHTHI MPOBOAWINCH B HHTEpBaJe AaBicHUM 1-4 aT™.
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PesyabTaTsl H 00cyK1eHUs

Hamu Ob1 paspaboranH 3amemiMTelIbHBI coctaB Ha ocHoBe TI/YHT u BaCrOa.
[lpuMeHeHHe KOMITO3MLIMOHHOTO Marepuaia ©3 1 Marpull, YIOPOYHEHHBIH YrIepOJHBIMU
HAaHOTPYOKaMU B 3aMEJIUTENbHBIX COCTaBaxX A0 CHUX MOP HEM3BECTHO. BhICOKHE MeXaHUYECKHE U
AHTUKOPPO3HOHHBIE CBOMCTBA, @ TAKXKE 3HAYMTEJIbHASI IIPOYHOCTD JIENAIOT TUTAH BECbMA LIEHHBIM
KOHCTPYKLIMOHHBIM METaJlIOM, OJiarojjapsi Y4eMy OH BecbMa OBICTPO MOJIy4HII OOJIbIIOE 3HAYCHHE B
COBPEMEHHOW TEXHUKE, BOCHHON ITPOMBILUIEHHOCTH.

[pouiecc mpurotosienus cmecu TI/YHT: yriaepoamHbie HaHOTPYOKH 00pabaThIBAIUCH B
CIUpTE B yJAbTPa3BYKOBOM HHU3KO4acTOTHOM nucrieprarope Y3H-1Y4.2 B Teuenune 10 mMunHyT.
3areM K MOJY4YEHHOW CIMPTOBOW CyCHEeH3MM OblI J0OaBlIeH IMOPOILIOK TUTaHa, MOTOM oOpasell
cymm B cymbHoM mkady mpu 40°C B Tedenue 1 u. UTo6BI MOBBIMIATE TOMOTEHHOCTh CMECH,
obpazer; pactupanu B (apdopoBoii cTylke, 3aTeM IPOBOIMWIN MEXAHUYECKYIO aKTHUBAIMIO CMECU
HCXOJHBIX PEAareHTOB B IUIaHETapHOH 11apoBoi MesbHULe AI'O — 2 ¢ BOJISHBIM OXJIaxaeHueM [9].

[IpoBeneHbl  SKCHEpUMEHTANbHBIE  PabOTBl MO  HCCIENOBAaHUIO  MOPQOIOTHUIO
MexaHoakTHBHUpoBaHHOW cMecu TI/YHT ¢ moMompio CKaHUPYIOIIEH 3JICKTPOHHOW MHUKPOCKOIUH
TM-1000, S-3400 N (Hitachi), Carl Zeiss EVO50 XVP (X-Act).

Ha pucynke la nmpuBenena mukpodororpadus ncxomnoit cmecu TI/YHT. Kak BugHO u3
pUCYHKa B MCXOJHOW CMECH YaCTHIbl HMMEIOT pasHble pa3Mmepbl M (GOpPMbI, U YIIEPOAHBIC
HAaHOTPYOKH HAaXOAWUTCS Ha TOBEPXHOCTH YACTHII IOPOIIKA TUTAHA.

30 0KV 4.8mm x5 00k BE ) JRELil 10 Ourr 30 mV' A5 5 U0 BE

Pucynok 1 — Mukpodotorpadus nucxoanoit cmecu Ti/YHT

Jlanee B pe3yibTaTe UCCIEOOBaHHUS W3MeHeHHs Mopdomorun MA 00pasinoB ObLIO
0oOHapyXeHO 00pa3oBaHME MEXAaHOKOMITO3UTOB PAa3IUYHBIX Pa3MEpPOB W HEMPaBUIBLHON (HOPMBI
mocie 2 MHUH MEXaHWYEeCKOW aKTWBallMed, W Ha TOBEPXHOCTH 4YaCTHUIl THUTaHA OTCYTCTBYET
yIIepoAHble HAHOTPYOKHU, 3TO CBUIETEIBCTBYET 00 MX BCTpaeBaHUU B 00BEM MEXaHOKOMIIO3UTOB
(pucyHok 10).

Kak moka3biBaloT pe3ynabTaThl peHTreHo(da3oBoro aHaimmsza mociae 2 MuH MA Ha
pPEeHTreHorpaMMe TOABIISAIOTCS cradbie auHUU TIC kpome JuHUU Ti. DTO TOBOPUTH O YaCTHYHOM
o0Opa3oBaHHEM MEPBUYHBIX MPOIYKTOB B3aUMOJECHCTBHUS YIIIEPOJHBIX HAHOTPYOOK C TUTAHOM YXKe
B OapabaHax TMIaHETapHOU MIapoBOM MenbHUIBL. [Ipu yBeIMYEHWH MPOAOKUTEIHHOCTH MA
YBEJIMYUBAETCS MHTEHCUBHOCTh M IIUPHUHA ATUX JIMHUH.
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PucyHok 2 — penTrenorpamma obpasiia cocrasa Ti + 4 mac. % YHT
nociue 2 MuH. MA.

[IpoBeneHHBIE MHKpPOCKONIMYECKHE M  PEHTTeHO(a30BbIE  HMCCICIOBAHUS  TO3BOJIMIH
YCTaHOBHUTh, YTO TMPH MEXAHMUYECKOH aKTHBAIMHM YIJIEPOJHbIE HAHOTPYOKH paBHOMEPHO
paccenBaThCs BHYTPH TUTAHOBOTO MTOPOIITKA M YACTUYHO 00pa3yroTcs KapOu TUTaHa.

[MonyueHnass MmexaHoakTUBHpoBaHHass cMech TI/YHT ncrmons30Baigach B KadeCTBE TOPHOYETO
MUPOTEXHUYECKOTO 3aMENIMTENIFHOTO COCTaBa M CMENIMBAJACh C OMPEAETICHHBIM KOJINYEeCTBOM
BaCrOs. Paspabotannbiii  3amemmutenbHbii  coctaB  TiI/YHT/BaCrOs Obu1  mpUTOTOBIECH
TPaIUIIMOHHBIM METOIOM H3TOTOBJICHUS MUPOTEXHUYECKUX COCTABOB, KOTOPBIA BKIIOYAET B ceOs
B3BEIIMBAaHUE, TEpPEMEIINBaHNEe, MPECCOBAHME M T.J. DBbUIM HM3TOTOBIEHBI JKCIIEPUMEHTAIBHBIC
o0Opas3Iibl.

Pa3paboTanHblil 3aMeTUTENBHBIN COCTaB CTAOMIBHO TOPUT ¢ Majol ckopocTeio (1,86-2,1
MM/C) U HEOOJBIIUM pa3zdpocoM cKopocTH ropeHust (mo 6%). TemmepaTypa ropeHus cocraBa
1280°C. C BBemeHHEM YIIEpOAHBIX HAHOTPYOOK TOYHOCTh 3aEP/KKH 3aMeUTUTENHHOH CMecH
YBEINIHIIACK.

B pesynbrate uccneaoBanus yCTaHOBJICHO, YTO CKOPOCTh TOPEHUS 3aMEINTUTENILHON CMEeCH He
3aBHCUT OT JABJICHUS MHEPTHOTO Ta3a W 3TO IMO3BOJSET HCIOJIh30BATH B TEPMETH3IUPOBAHHBIX
3aMeIUTEeNBHBIX yCcTpoiicTBax. CocTaB HE YYBCTBHTENCH K MEXAHUYECKUM BO3JCHUCTBUSAM,
O0e3omaceH B TPOM3BOJICTBE M HA BCEX CTagusaX oOpaimieHus, oO0iagaeT BBICOKOW (HHU3HMKO-
XUMHYECKON CTaOUIBHOCTRIO.
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Beenenune

[IpuMeHeHne yriIepoJUCTOrO0 BEUIECTBA COMNPSIKEHO C, KPYIHOTOHHAXHBIM IPOU3BOJICTBOM.
OpHa M3 BO3MOXHOCTEH IOJNIy4E€HUs — MPUPOJHbIE MposiBieHUs. CUHTE3UPOBAHHOE BEIIECTBO
co3laercsd IO 3aJaHHbIM  (pacCUMTaHHBIM) peakuusiM, a I[pUpOAHOEe obOpaszyercsi B
«HE3aIJIAaHUPOBAaHHBIX» YCIOBUSIX. B TO ke Bpemsi, MPUPOIHOE BELIECTBO CYIIECTBYET, TO €CTh
peaKIMy, IPUBOJAIINE K €r0 00Pa30BaHUIO U CYILIECTBOBAHUIO B JAHHBIX YCIOBUSAX, BEPHBI.

[TpuponHoe yriepoaucToe BELIECTBO (T€0JOorusl) Mbl BUAUM B IPUIIOBEPXHOCTHOH 30HE. To
€cCTb B 30HE HM3KUX TeMIepaTyp, JaBjieHUN, B 30HE JeicTBus BeTpa (ra3oB) M JOXKAS
(atmoctepupix Box) W BimsHusA u3nydeHuidl (ConHewyHbIX JuMH  BoiH). Kpome TorO,
YIJIEpOACOACpIKaIllee BELIECTBO HEPa3pbIBHO CBA3aHO C JPYTMMH BellecTBaMH  (IIOPOJBI,
MUHEpaJibl, MHOTHE U3 KOTOPBIX SIBJISIOTCA KaTajau3aTOpaMUd M HE TOJIBKO JUIsSl YIJIEpPOAMCTOIO
BEIIECTBA) U TIJIe OKAa3bIBAIOT BIIMSHUE BCEBO3MOKHbIE HAHO30HBI (OIpaHMUYMUTEISIMH CaMOU
HAHO30HBI SIBJISIFOTCSI TPAJUEHThl yciaoBHit). I'1e sHeprum oOpa3oBaHMsl OOBIYHO JIOCTATOYHO IS
(dbopMHpOBaHMS HAHOYACTHII, U (HApUMeEp, MPU TEKTOHWYECKUX IMpOIeccax) He JOCTaTOYHO s
OCYILIECTBJICHUSI TE€pexoja B JPYroe COCTOSHUE «KPYMHOI» Macchl BemectBa. [Ipupoanoe
YIJIEPOAMCTOE BEILIECTBO, KaK MPAaBUJIO, COCTOUT M3 IIEJIOT0 CIEKTpa BO3MOXKHBIX (a3. Ecth nn
BO3MOXXHOCTh TPUMEHSTh K MPUPOJHBIM BEIIECTBAM BCEBO3MOXKHBIE HA3BaHMSI «HOBBIX» -
CHUHTE3UPOBAaHHBIX, U KAKUM-TO MHCTPYMEHTAJIBHBIM CIIOCOOOM MOJTBEP)KJIEHHBIX BELIECTB, WU
UCIOJIb30BaTh HMCTOPUYECKU CIIOKUBILIEECS CTapble Ha3BaHUs (Tpa@UT U KPUCTANIMYECKOE,
MEJIKOKPUCTANINYECKOE, HEKpUCTAJUIMYECKoe yriepoaucroe BemecTBo)? Kak oHM «HOBBIE
BELIECTBa» BBHIMJISAAT (HE CXEMAaTHUYECKH ), U COOTHOCSITCS] CO «CTapbIMU» ONPEIEICHUSIMU?

Hanomunepanorus [1] MmynbTuavcuuIuinHapHa. MaTtemaTuyeckoe MojenupoBaHue, (pu3nka
U XUMHS SBISIOTCSA <QTAJIOHHBIMU» MCCIEAYsS KOHKPETHBIE YCJIOBMSI CHHTE3a BEIIECTBA, U3ydas
CBOMCTBA MOJIyYEHHOTO MaTepuaa U Ipeyiarasi Ero BO3MOKHOE IPUMEHEHHE.

Hampumep, rpadensl. DOTH, TEOPETHUYECKH pACCUUTAHHBIE CTPYKTYpPbl, CpPEIH IEepPBbIX
obpaszytorcst B CVD mpomeccax u, BEpOSITHO, CTAHOBATCS NPEAIICCTBEHHUKaMHU cax (TpH
HaJIMIIAHUK JIPYTUX YIIepoAHbIX 4YacTull). MHTepec k HUM B mociegHee Bpemsi ycunwics. B
NpUpOJie HET OJHOHAINpPABIEHHBIX MposBIeHUN rpadenos/rpadanoB. Ho ecte mnposiBieHus, B
KOTOPBIX COJEpPKaTCsl YIIEPOAUCTOE BEIIECTBO, MPEUMYILIECTBEHHO COJEpiKallee IJICHOYHbIE
CTPYKTYpBI, I0JJOOHBIE rpadheHOBBIM. B 1aHHOI paboTe MCIOIB30BaHbBI CHUMKHU MPOCBEYMBAIOLIECH
anekTpoHHOU Mukpockomnuu (II9M), n He cTaBUIIOCH 3a/1a4M 110 pa3InyHio rpageHOB U rpadaHoB.

PesynbTatel u obcyxaenus. U3 cxemsl [2] (puc.l) cnemayer, 4to rpadeHOBBIE CIOH MOTYT
ObITh CBEpHYTHI (puc.la), a B yTOJIIEHHOE MPOCTPAHCTBO M3rMOAa MOXKET BXOJIWUTH MpHUMECh (Ha
puc.16 - ato dynnepen).
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2

a )

Pucynox 1 — Cxembl cBopaunBanus rpadeHoB [2]

B npupoaabix 00pa3oBaHusX, Kak yKe rOBOPUIOCH, €CTh MHOKECTBO TUIOCKOCTHBIX CTPYKTYP.
Bo3pMeM 110 MUKPOCKOMMYECKUM IU(PPAKLMOHHBIM KapTHHAM TOJIBKO YIJIEpOoJCcOoAepXkKalue —
IBYXMEpHBIE, TpeXMepHble (HeKpuUcTaJuimyeckue), rpadutononoOHsie u rpaduroBsie [3].
(MHOeCTBEHHOE YHMCIIO UCIOIB30BAHO MIOTOMY, UTO KaK U YIJIEPOAUCTHIX BEIIECTB, IpaUTOB, TaK
u rpadaHoB/TpaeHOB, COMAEPKAIUX PA3INIHbIE TPUMECH, MHOTO.)

[Ipenapatel U1 MCCIEIOBAHUN MPUTOTOBIEHBI OJHOTUIIHO - OJHUM U3 CIOCOOOB CYXOIo
npenapupoBanus. Crnocod HMCKIIOYAeT BO3JICUCTBHE TeMIiepaTyp U pactBoputeneir. Ilox
3JIEKTPOHHBIM MHUKPOCKOIIOM BHJHO, YTO W3rMOBl YacTHIl HE SBJIAIOTCS YEM-TO HEOPIMHAPHBIM
(puc. 2). CBopaunBaHue guOUMbIX TUIOCKOCTEH (pUC. 2a) TakKe HE peaKoe siBjeHue. B nmpupoaHbix
IPOSIBJICHUSAX TPUCYTCTBYIOT pa3HOMMEHHBbIE IO (pa3e yriepoaucTsie BemiecTBa. Hampumep
(puc.26), rpaduThl (JEHTOYHAS YaCTHIA), U TPEXMEPHO YIMOPSAIOYCHHOE BEIIECTBO (OCTalIbHAsS
Macca vacTulibl). Ha »anekTpoHOorpaMme 3TO BBIMIaJUT Kak MPOCTYHAromMe peQuiekchl OT
rpadguToBoro BemiecTBa (Oosiee cuiIbHBIE TOUYeYHBIE pedieKCchbl) Ha (POHE PaCHIMPEHHBIX KOJIEII
(MONIMKpUCTAINIUKU?) TPEXMEPHO YHOPSAAOYEHHOro Yyriepoauctoro BemiectBa (puc. 2B). Ha
PUCYHKE 2T NpUBOAUTCA (TakKe MPUPOAHAs)) YaCTHIlA, COCTOSIIAsl U3 «CBEPHYBILUXCS» CIOEB
wieHku. E€ mukpoandpaxkionHas KapTUHa COOTBETCTBYET rpaduTy.

e

ig .
w

O doom 12120,
a,6 —M/p (mecTopoxknenne) Capelapka; T - M/p Hurozepo

Pucynox 2. Mopdosornyeckne CHUIMKH IIPUPOIHBIX 00pa30BaHUM U3 MIEHOYHBIX CTPYKTYP.

B cunTe3npoBaHHON yacTHIle HAa pUCYHKE 3a 3a)MKCUPOBAHO COBMECTHOE CYIECTBOBAHHE
rpadeHoB/Tpad)aHOB M MAacChl, TJE YacTh BEIIECTBA BHYTPH TpPYOKH, BO3MOXKHO, SIBIISICTCS
KaTaJIUTHYECKUM MaTepualioM Ui yriepoja (CHMHTe3MpOBAaHHOE BellecTBO). B obmieM, cTpykTypa
3TOTO TpyOUaToro oobpazoBanus (puc.3a) He aMmophU3UPOBAHA.

Ha wm3rubax (puc. 106) mpoucxoauT ¢(OpMHUpPOBaHUE JIOKAIBHBIX T'paUTOBBIX YMAKOBOK
(puc.30), onucaHue KOTOpbIX ImpuBOAUTCS B pabore [4]. Ha mMuxpoaudpakiMoHHOW KapTHHE OT
3TOTO BEIECTBA MPOSBISAIOTCS pedieKchl rpaduToOB, aHATIOTUYHBIX TOKa3aHHBIM Ha pUCYHKe 20, Ha
¢done amopduoro (6eccTpykrypHOro) BemecTtBa. OTHENSSICh B TPHUPOAHBIX YCIOBUSAX OT
[EHTPATbHOW  (KaTalUTHUYECKOW) dYacTu, OKpymias rpaduroBas o000104YKa obpa3yer
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CaMOCTOSITEIIFHYIO YAaCTHIly, MOKa3aHHYI0 Ha pucyHke 3B. E€ mukpoamdpakimmoHHas KapThHa
COOTBETCTBYeT TIpadury.HacTo BCTpEHalOTCS IUIACTHHYATBIE CTPYKTYPbl C JIMHEHHBIM MU
M30THYTHIM KOHTYPOM TaKOro JIOKaJIbHO cdopmupoBasiierocs «rpaduray. Cremyer I u3
BBHIIIECKA3aHHOTO, 4YTO TpaduThl JIOKATbHO oOpa3yroTcs w3 TpadeHos/rpadanoB? Torma
rpaden/rpadan MOKET OBITh CAMOCTOSITEIBHBIM MHHEPAIbHBIM BHJIOM. Ero 1uieHku, ¢ OobIei
BEPOSITHOCTHIO, MOTYT OBITh 3a)MKCUPOBAHBI ITPU PACLICTIIICHUN TPaQHTOB.

C‘rmb'

a

a — CMHTC3UPOBAHHAA 4aCTULA; B - M/p Cusike3eHb

Pucynox 3. Mopdosorust (BHEIIHHI BHJ]) 4aCTHI] — a,B; cXeMa (BO3MOXKHOTO0) ()OPMHUPOBAHHS JIOKAJIBHOU
«rpaduToBOI» ynakoBku — 6. M30THYTHIE IUIOCKOCTH JIOKAIBHON YIIaKOBKH IpaduTOB — B

VYriepoaucTsie MIOCKOCTHBIE CTPYKTYPHI (IJIEHKK) UMEIOT pa3Hylo pa3MepHocTh (puc. 4), u,
BO3MOYKHO, 3THM TaKKe 00BsACHAETCS JeeKTHOCTh NUKOB «D» B paMaH-creKTpocKonuu (puc. 5a).
Ha pucynke 4a mokaszaHbl CIOM POBHBIX «KPYIHBIX» YIJIEPOAUCTHIX IUIEHOK (O HECKOJIBKUX COT
HaHOMETPOB), Ha «0» 3a(UKCUPOBAHBI MEJKUE TUIEHKU (TIEpBBIE JIECATKH HM), Ha «B» - U30THYyTas
yIJIepoaucTas CIIOMCTask yIaKOBKa U3 IICHOK.

1008

12146

a 0 B

Pucynox 4. PazHopasMepHsbIe TpupoIHbIe TUIEHOYHBIe YacTHb! (M/p Banrarepek)

[Ipu ocymiecTBIeHUH B3aMMOCBS3U NPUOOPOB, OYEBUIHO, MOXKHO OyJeT CKazaTh KakKoM
TOJNIIHUHBI U KAKOTO CiIos (pUC. 4) MOXXHO TOJYYUTh CIEKTpbl PamaH-criekTpockomuu (puc. Sa).
CIou mpupoIHOTO BEIIecTBAa MOKHO OyaeT HASHTH(OUIIMPOBATH MO COOTHOMIEHUO MUKOB Ip/lG.

JlepexTHOCTh MOXKET OBITh CBS3aHa C KOJIMYECTBOM «KPYIHBIX WJIM MEJIKHUX» IJIOCKOCTEH U
cBA3eM Ha MX okoHuaHusax. B IIOM TpynHo omnpenenuTs TOJMIMMHY OJHOW IJIEHKU. Buaumas
TOJIIMHA, OYEBHJIHO, HE SIBISETCS aToMapHOW. BeposTHO, mpupoaHble 00pa3oBaHMs cOAepKar
CJIOM, COCTOAIINE, KAK MUHUMYM, U3 JIBYX «YIJEpOJIHBIX ceTok» (~ 20 cio€B mieHKu, puc.50).
I'padenoBas mieHka He ecTh cioi rpadena, cocrosiero u3 aromos C.
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Pucynok 5. PamaH-criekTphI pa3HOCIONHEIX (pa3HoaeeKTHRIX?) rpad)eHoB - a. J|BYyXCIIOHHOCTh YacTHII TPHPOTHOTO
obpazosanus (M/p Lllybapkyip) - 0; xkeno00k — aperuek (M/p Tekenn) — B

B pesymbrare Tpanchopmanmuu mopoa (CAABIMBAHUS) H30THYTHIC CIIOM JIOMArOTCS, W,
OUYeBUHO, 00pa3yercs IJIOCKOCTHAs CTpyKTypa (puc. 2, 4), u MoxeT chopMupoBarbes rpadur.
Yacruiibl, 3aXBa4e€HHBIC P CBOPAYMUBAHUH, B TOM YHCIIE U [0 CXEME Ha PUCYHKE 10, BBIICISIOTCS
B CHCTEME «OKEJIOOKOB - apbIYKOBY» (PUC.5B) U, 3aT€M, B CAMOCTOSITEIILbHOM 00pa30BaHHH.
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SELECTIVE HYDROGENATION OF ACETYLENE USING DIFFERENT CARRIERS

Tanirbergenova S.K., Tairabekova S.Zh., Tugelbayeva D.A., Zhylybaeva N.K.,

Naurzbayeva G.M., Moldazhanova G.M., Mansurov Z.A.
RSE on the REU the Institute of combustion problems, 172 Bogenbay batyr str. Almaty, Kazakhstan
sandu2201@mail.ru

Annotation. Hydrogenation process of acetylene to ethylene in automated flowing catalytic installation using
nanoscaled substrates of Ni, Co containing catalysts and carriers at a pressure of 5 atm has been studied. There is
studied actions of carriers and nanosized catalysts during hydrogenation reaction of acetylene to ethylene at low
temperatures in the range from 50-100°C and different ratios (C2Ha: Hy).

Introduction

Production of propylene and ethylene takes top-ranked places in large-scale petrochemical
synthesis. The main industrial method for production of ethylene and propylene - is a pyrolysis of
oil alkanes, gasoil stock and naftha.

Active oxide catalysts supported on different carriers can be used for this process, because Pd,
Pt, Au, Ag containing catalysts are more expensive than oxide catalysts. So, in view of this, Ni, Co
that containing catalysts were deposited on alumina and zeolite carriers were chosen by us.

Experimental part

The paper presents investigated results of carriers and nanosized nickel, cobalt containing
catalysts deposited on various carriers. In order to study the catalytic action of nanoscale catalysts at
initial stage, the activated carriers such as 3A and Al203 were chosen. The acetylene and hydrogen
in various ratios: (1: 1, 1: 2, 1: 3) (C2H2: Hz) was used as starting material. Catalytic activity of
carriers was studied using automated flowing catalytic installation in acetylene hydrogenation
reactions.

An installation includes a gas-flow regulatory control block, reactor, evaporator, switch,
separator and control unit. In installation there are used mass thermal regulators of gas flow rate,
where the initial gases from cylinders are fed at a pressure of 0.2 to 10 MPa. The reaction products
were analyzed using "CHROMOS GC-1000" with absolutely calibration method and thermal
conductivity detectors. The results are shown in Table 1.

Table 1 — Effect of carriers on acetylene conversion during hydrogenation process, (at different
temperatures, volumetric rate of reaction W=300 h!)

Conversion of acetylene at different ratios C.H,:H;
Carriers Reaction CoHa2:Hp (1:1) | CoHa2:Hz(1:2) | CzHa:Hz (1:3)
temperature, °C

80 32 30 24
Al;03 100 26 26 30

120 34,5 47 475

80 32 37 39
3A 100 26 27 28

120 26 26,5 27
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As can be seen from the table, among the carriers, zeolite 3A and Al>Os showed a catalytic
activity in hydrogenation reactions of acetylene. The carriers 3A and Al,Oz at a reaction
temperature of T =100 OC in the ratio of acetylene and hydrogen C2H2:H> (1:1) shows a conversion
of acetylene up to 26%. Also, at 80°C, the carrier shows the same result, and conversion of
acetylene is 32%. With rising temperature up to (120°C) in a ratio of 1:1 at a carrier of Al.Os, the
conversion of acetylene is 34.5%, but at a carrier of zeolite 3A the conversion is 26%. With a ratio
of CoH2:Hz (1:2) at 80°C, the aluminum oxide carrier Al,Oz exhibits an activity and acetylene
conversion is 30%, on zeolite 3A, the conversion of acetylene is 37%. In hydrogenation process of
acetylene when temperature is increased, the activity of aluminum oxide rises, and conversion is
47.5% at 120°C, but the zeolite 3A exhibits an activity at low temperatures of 80°C in a ratio of 1:
3, the conversion of acetylene is achieved up to 39%.

Thus, among studied carriers, Al,Os actively operates at high temperatures during
hydrogenation of acetylene. Optimum regime of temperature is 120°C, in a ratio of 1:3, the
conversion of acetylene is 47.5%. Zeolite 3A as a carrier exhibits catalytic activity at low
temperatures (80°C), in a ratio of 1:3, the acetylene conversion was 39%.

Boixop sTunexa, %
~ - °

Bbixog aTuneHa, %

o
LleonuTt 3A, Tp=80 C

Figure 1 — Zeolite effect 3A on ethylene yield Figure 2 - Carrier effect y-Al,O3 on ethylene yield
(T,=80°C, W=300 h%) (T,=80°C, W=300 h%)

Investigation results of zeolite effect 3A at ethylene yield showed that at a reaction
temperature of T,=80°C, a volumetric rate of reaction of W=300 h ! in ratios of C,H:H (1:1), the
ethylene yield is 5%, and at ratios of C2Ha is equal to 8%, 1:3, the yield of ethylene is increased to
10%.

The results of the study of the effect of the carrier y-Al203 on the yield of ethylene showed
that at a reaction temperature of Tp = 800 ° C, a reaction volume volume of W = 300 -1 in the
ratios C2H2: H2 (1: 1), the ethylene yield is 7%, and at ratios of 1: 2 -8.5%, 1: 3, the yield of
ethylene is increased to 10%. Further, there were presented comparative results of the carriers.
Where the effect of carriers at a temperature of 100 ° C was studied in ratios of 1:2 and 1: 3 (C2H2:
H2).

Figure 3 shows the effect results of zeolite carrier and alumina y-Al2Oz on yield of ethylene.
Temperature Tp = 100C,, volumetric reaction rate is W = 300 h-1. At zeolite 3A at ratios of 1:2, the
ethylene yield is 8.3%, and aluminum oxide y-Al203, the ethylene yield is 5.8%. When the ratio of
hydrogen is increased, using zeolite 3A, the ethylene yield increases from 8.3% to 10.9%. The
carrier y-Al203 in ratios of 1: 3 the yield of ethylene is 9.2%. Thus, investigation result of carriers
effect on ethylene yield shows that optimal ratio of hydrogen with acetylene 1: 3 gives the yield of
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desired product up to 10.9% using zeolite 3A. The aluminum oxide y-Al,Os3 in ratio of 1:2, there is
formed ethylene in amount of 6 %, at a ratio of 1: 3, the ethylene yield increases from 6% to 10.8%

Important characteristics of the carriers and catalysts are the specific surface area, as well as
the volume and size of pores, it means porous structure. With the help of BET method there were
investigated textural characteristics of activated carriers.

Specific surface area of carriers and specific volume of aluminum oxide and zeolite pores are
almost the same, so that is why both carriers shows the activity during hydrogenation process of
acetylene into ethylene. Thus, in hydrogenation reaction the yield of ethylene was 10.9%, and on
the y-Al203 carrier, the yield of the desired product was 10.8%. After investigation of carriers, the
effect of metals was studied.

11,04

138

| 10,5 -
10,0 o

Llevnr 3A
9,5
9,0
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8,04
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Bbixog atunena, %
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T T
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Beowoa atnexa, %, T =100 ‘o W=u'
Figure 3- Carriers effect (3A, y-Al,O3) on ethylene yield Figure 4- Carriers effect (3A, y-Al,O3) on ethylene
(Tp=100°C, W=300 u'}) yield (T,=120°C, W=300 h%)

Bbixog amunexa, %

KatanusaTtop 5%

Figure 5 - Effect of catalyst 5%Co0Q/3A, reaction Figure 6 - Effect of catalyst 5%NiO/Al>O; on ethylene
temperature and initial stock ratio (C2H2:Hz) on yield at different ratios (C.H2:Hy) and different
ethylene yield temperatures (80-120°C).

The catalyst NiO/Al2035 % at 60 ° C, the yield of ethylene was 3%, at temperature increase
up to 80° C, the yield of ethylene increased from 3% to 6%, the reaction temperature is 100 ° C, and
the ethylene yield has decreased from 6% to 5.8%. A further increase of reaction temperature up to
120 ° C leads to an increase of target product up to 10.7 with an increase in reaction temperature up
to 140 ° C, leading to decrease in the yield of ethylene to 5%. Thus, the catalyst % Ni/Al.Oz, and its
optimum reaction temperature is 120C at ratios of (C2H2:Hz) 1:1, where the ethylene yield is 10.7%.
so, the ration of raw materials and temperature showed that at a ratio of CoH2:H» (1:1) at 120C, the
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yield of ethylene is 10.7%, and at a temperature of 80-100 C in ratios of CoH2:H> (1:2), (1:3), the
yield of ethylene is reduced up to 10%. Thus, on catalyst NiO/Al.Os at 5% the optimum
temperature is 120C, and the ratio CoH2:H> (1:1). In order to study the catalytic activity of
nanoscale catalysts in hydrogenation reaction of acetylene, there were chosen cobalt-containing
catalysts deposited on zeolite and aluminum oxide.

Conclusion

According to the obtained results, the hydrogenation reactions of acetylene into ethylene in
automated flowing catalytic installation under a pressure of 5 atm. At different substrates (3A,
Al>03) and catalysts (5%NiO/AlO3, 5%C00/ Al203, 5%C00/3A) at low temperatures (80C)
allows to rich high degree of conversion and formation of ethylene up to 16.7% without by-
products. Further increase of the target product may be associated both with modification of
catalysts and alteration of reaction conditions.

e —
WHcTUTYT Npo6JieM ropeHust

68



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanblKapaavlk cuMno3uymbl
«DU3UKA KOHE XUMHA KOMIPTEKTI 2KOHE HAHOSHEPI'ETUKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DPU3UKA H XUMHA YTJ/IEPOJHBIX U HAHOSHEPI'ETUYECKUX MATEPHUAJ/IOB»

DIATOMITE: ORIGINS AND USES

12Zhaparova A., 1?Nurgain A., 1Zhalgasbaikyzy A., 1?Nazhipkyzy M., ?Lesbayev B.T.,
123prikhodko N.G., ?Mansurov Z.A.
Ynstitute of Combustion Problems, 050012, Kazakhstan, Almaty, Str. Bogenbai Batyr, 172
2Al - Farabi Kazakh National University, Kazakhstan, Almaty, Ave. al - Farabi, 71
$Almaty University of Energetics and Communications, 126, Baytursinova St.,
050013, Almaty, Kazakhstan

Abstract. This paper presents the results of investigation of composition of diatomite and synthesis of sorbents based
on it, for further using them in water remediation.

Introduction

Diatomite is a natural material formed from the remains of diatoms, which grew and were
deposited in seas or lakes. It is a loose, loosely cemented porous and lightweight rock of
sedimentary origin.

The unique and unusual morphologies of diatoms have surprised scientists and engineers in
various fields in the last few decades. Diatomite has its origin from a siliceous, sedimentary rock
which consist principally of the fossilized skeletal remains of diatom, a unicellular aquatic plant
belonging to the algae, during the tertiary and quaternary periods (Paschen, 1986; Arik, 2003).

Richard Gordon invented the word “Diatom Nanotechnology” (1988,), referring to the ways
diatoms create 3D nanostructures by controlled deposition of silica in their skeletons. Minute
structures made by the diatoms which are beyond the capabilities of materials scientist are attracting
the attention of nanotechnologists to learn a large number of concepts from them.

Amorphous silica, a constituent of the diatom frustulae, is the main component of diatomite,
although variable quantities of other materials (metal oxides, clays, salts (mainly carbonates) and
organic matter) may also be present, chemical precipitation and atmospheric contact, together with
the prevailing environmental conditions, are determinant factors in the nature and importance of the
impurity content of a deposit (Mendioroz et al., 1989) [1].

Obtained samples based on diatomite are used in a variety of ways, such a s reinforcing,
stiffening and hardening of organic solids, reducing adhesion between solid surfaces, increasing
adhesion, increasing viscosity, surfactant effects, hydrophobic effects, absorbent, catalysts and
cloud seeding (Zhaolun et al., 2005). Diatomite is abundant in many fields of the world and has
unique physical characteristics, such as high permeability (0.1-10 mD) and porosity (35-65%)
(Murer and Mobil, 2000), small particle size, low thermal conductivity and density (Hassan et al.,
1999) and high surface area (Gao et al., 2005). The properties of diatomite’s surface, such as
hydrophobisity, solubility, charge, acidity, ion exchange and adsorption capabilities, are highly
governed by the presence of water, which is partially structurally connected to the crystal mesh of
the diatomite, forming active hydroxyl groups on it (Yuan et al., 1997) [1].

Diatomite consists a wide range the diatomaceous of forms and the sizes, usually from 0,4
nanometers to 200 mm, in the structure containing up to 80-90% of emptiness.

Experimental part and results
Diatoms, unicellular micro-algae, are microscopic photosynthetic plankton found almost all
over where there is water. These are single-celled autotrophic organism having a highly ornate
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siliceous wall. They can occur in large amounts and forms (as in Fig.1), and the number of species
is estimated to be over 100 000. Each type of diatom has a different formation and its own
appearance as it can be seen in the Fig.1. No two species will have the same properties and features
which is an attractive feature for the changing generations in the technological world. From the Fig.
1, which is SEM pictures of diversity of shapes and 3d structures in diatoms and Fig. 2, which is
Optical microscopy photographs, can be seen a remarkable variety the diatom of forms,
morphology and porous architecture in which some of the most widespread examples the diatom
forms are visibly presented.

Fig.1 - Extaordinary diversity of shapes and 3d structures in diatoms built by silica

As diatomite is extracted from geological deposits, it may contain several impurity, such as
organic substances and oxides of metals, namely: Al.O3, Fe>O3, CaO, MgO, K20, Na>O and P20s
that can have an adverse effect on its properties of application. Thus, various ways of cleaning, such
as thermal preliminary calcination and washing of HCI, were usually applied to improvement of
distribution of the sizes of a time on diatomite by restoration of impurity from the truncated cones.

Fig.2 — Microscopic photos show the mineral composition of the diatomite original sample, the form and the
appearance of the frustules

This variety of forms and ordered porous structures incontestably shows the accuracy and
gloss of natural design on micro and nanoscale, giving a huge opportunity to use this material for
broad application, such as the filtering environments for various inorganic and organic chemicals,
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as absorbents, carriers of catalysts, fillers and also in pharmaceutical area.Besides, the surface of
diatomite is characterized by existence the silanol groups which are the adsorption sites for an
immobilization of chemical compounds.

Thus, diatomite is special interest among natural sorption materials. Concerning the
applications connected with adsorption researches for determination of potential of the raw
diatomite for restoration of heavy metals in water have been conducted.

However, despite the unique combination of physical and chemical properties and large
amount of deposits of diatomite, its use as adsorbent for water treatment and as a catalyst carrier or
support still has not been investigated properly in Kazakhstan.

Thus, to determine the textural parameters, the volume and average pore radius of the samples
of the original diatomite, was taken the nitrogen adsorption isotherm at 77 K, which is shown in
Fig. 3.

=— absorption
40+ “ = desprption

35+ °

00 02 04 08 08 1.0

Fig.3 — Isotherms of adsorption-desorption of nitrogen for natural diatomite

That’s why, the purpose of our laboratory is studying the chemical nature and texture of
Kazakhstan’s diatomite and obtaining sorbents from diatomite.

Currently, laboratory “Synthesis carbon nanomaterials in flame” working on application of
diatomite for synthesis of sorbents, further using them in water remediation.
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YT'OJBHBIE BPUKETHBI C 3A’KUT'ATEJIBHBIMU COCTABAMMA

H.M. PaxoBa, U.A. IlycroBasos, 3.JI. Cyaranosa, JI.P. CacbikoBa, I'.A. Cnanosa,

®@. 10. AdoapakoBa, M.!. Tyaenos, 3.A. Maucyposn
r. Anmmartet KasHY uM. anp-®apabu, MuctutyT npobiem ropenus, tulepov@rambler.ru

AnHotamusi. B Hacrosmieii paboTe  MpoBeACHBI  PabOTBI MO  pa3pabOTKe  TEXHOJNOTMH  TMONYYCHUS
JICTKOBOCILTAMCHSIFOIIMXCS OpPUKETOB HA OCHOBE KAMEHHOIO YIUIA M MUPOTEXHHYECKOTO COCTaBa. DTU OPHUKETHI HMEIOT
CHENIHANBHBIA 32)KUraTeNbHBINA CIIoH, coctosinuii u3 BaCrO4, HuTpaTa amMmMmoHus u roproyero Mg BocIutaMeHSFOIIUICS
OT HU3KODHEPreTUYECKUX HCTOYHHKOB Teria. OnTuManbHOe KoimumuecTBO cBs3yromero 30 % xaptona mpu 70 %
YTOJIBHOTO IIIJaMa CHOCOOCTBYET IMpolieccaM JIMTEIBHOIO TOPEHHsSI COCTaBa ¢ MEHbIICH TEIJIOTBOPHOW CIIOCOOHOCTHIO
MPU ATOM MPOKCXOJUT KOKCOOOPA30BaHUE CBSI3aHHOE C TPOIIECCAMU KOHACHCAIIMU apOMATHYECKUX COSANHEHHUI

OnHUM K3 HEOCTAaTKOB YIJI KaK TOIUIMBA, SIBJISETCS 3HAYUTEIbHOE JbIMOOOpa3oBaHueE, s
CHIDKEHHSI KOJIMYECTBA BPEIHBIX BBIOPOCOB MPU TEXHOJOTHUH OPUKETUPOBAHMS YIS TOSBISIETCS
BO3MOKHOCTh BBOJIa PA3JIMYHBIX IPUCAIOK, B KAUECTBE KOTOPBIX IIMPOKO MPUMEHSIOT Kamdopy,
Ha(TaTMH WM HUTPOOCH30I [UIsl YCTpaHEHUsT 00pa30BaHus JpIMa Ipu ropeHu. OyHKus padboTl
3TUX CBSI3YIOUIMX MOJIEKYJIsSpHas accoLHalys, IpU pacrajie MOJEKYJI CBA3YIOIIEro o0pa3yroTcs
HEHACBILLEHHbIE COEUHEHMS, JIETKO BCTYMAIOLIUME B PEAKLUI0 acCOLMAlUU C apoOMaTH4YECKON
cocTaBisitollel yris. B pesynbrate pekoMOMHauuu 00pasyroTcs 6osee TSDKENbIE  MOJIEKYJIb,
HE CIIOCOOHBIE K YJIETYYMBAHHUIO, W NPU JaJbHEHIIEM HarpeBaHUU OHU paclasaloTcs BHOBb U
BCJIEJICTBHE 3HAUUTEIBHO YMEHbIIAeTCs IbIMooOpa3oBanue [1] .

Jlia yckopeHMsl cropaHus OpuKeTa MOXXKHO BBOJUTH HUTPAThl, JUOKCH]l MapraHua, OKCHI
Menu, okcun BaHaauss B konumuectBe 0,03...0,06 %, a i 3aMenieHUss— MHMHEpPaJbHbIE
HalOJIHUTENN (M€J, KAoJNMH, OEHTOHWMT), YTO YMEHBILIAeT IPOU3BOJCTBEHHBIE 3aTPaThl U
CYLIECTBEHHO CHM)KAET CKOPOCTh T'OPEHUS TOILJIMBA 10 CPABHEHUIO C KYCKOBBIM yIiieM [2].

B kauecTBe HCIBITYEMOTO MaTepHaja HCIOb30BAINCh yroipHble muamsl (1—2 mm) 30-60
%, 301bHOCTB — 14,5 %, B1akHOCTH H0BOAUIH 10 — 50 %; B KauecTBe CBA3YIOIIETO — OyMa)KHbIE
orxoasl B Buae kaptoHa 40-70 %, wucxomHas BIaxHOCTh 5 % wu snokcuaHas cmona 10%.
ITonmy4yenHslit oOpaserl mpeacTaBieH Ha pUucyHke 1.

[Ipu BbIOOpE TemmepaTypbl NpPOKAIMBaHHUS OpPHUKETOB HEOOXOAMMO, B MEPBYIO OUEpEllb,
UMETh B BUAY (U3MKO-XUMHMUYECKHE CBOICTBA KOMIIOHEHTOB OpMKETHONH CMECH M Pe3yNbTaThl
BO3JICHCTBUSl HA HUX BbIOpaHHOW Temneparypbl. OCHOBHOM 1LI€JbIO MPOKAJIMBAaHUS OPUKETOB
SBJIAETCS TOBBIIIEHNUE UX BBICOKOTEMIIEPATYPHOI IMPOYHOCTH 3a CUET MOJYyYEHHUS KOKCA, KOTOPBIN
«UEMEHTUPYET» YacTUlpl yris. B mporecce uccieqoBaHusi MO MOMYyYEHUIO OpPUKETOB W3 YIUIS
Mmectopokaenus — Oii-Kaparait  Ob10  OpPUHATO — pEIIEHHWE  pacCMOTPETb  BO3MOYKHOCTh
MCIOJIb30BAHUS CUHTETUYECKUX OTXOJI0B MOJINATHIICHA, MoJIMATUIIEHTepedTanaTa,
MIOJINIIPOIINJIEHA, B KAYECTBE CBSI3YIOILETO.

OOpa3upl yrisgs C BBEACHHBIM 3aXUraTelIbHBIMU COCTaBAMU MCCIIEOBAIA C TMOMOIIbIO
CKaHMPYIOIIETr0 3JIEKTPOHHOTO MUKPOCKOIIAa IPU YCKopsitomieM HanpspkeHnn 10 - 30 kB (puc 2-5).

Kak BUAHO M3 pHUCYHKOB 2 M 3 B MCXOJHOM YTOJE IOCJE NPOKAIMBAHUS OJHOBPEMEHHO
MIPOMCXOJUT YMEHBIIEHHE pa3Mepa €ro 4YacTUI[ M arperupoBaHHME 4YacTHUIl ¢ 0O0pa3oBaHUEM
KPYIIHBIX arperaTtoB JIOCTUTAIOIINX pa3Mepa B 227,3- 289,9 Hwm.
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Pucynox 1 — bpuket koHyco00pa3HO# (OPMBI ¢ BO3AYIITHBIM KaHAJIOM.

Pucynok 2 - lcxoHBIi yrOJIb MECTOPOKIACHHUS Pucynok 3 — bpuker nociue npokaauBaHUs
Oi1 Kaparaii

Otxompl [IDT® mpencraBiastoT coOOW TOMYTBEPAYIO BS3KYHD MAacCy, COXPaHSIOIIYIO
arperaTHoe cocTtosHHe mpH Temreparype 25-30°C. CrienoBaTenbHO, NMPH HCHOIB30BAHMH HX B
Ka4yecTBE CBS3YIOLIEr0 W TOJIyUYEHHs MIMXTHI OJHOPOJIHOTO COCTaBa MOTpeOyeTcsl pa3orpeB o
temmepaTypsl mnaiaerus -120 — 130 °C. JlamHBle CKaHMpYIOIIEH CIIEKTPOCKOIHH YIS C
MOJIMATHIIEHTEpedTamaToM MoKa3anu
(pucynoxk 4), dYro OTH  COEAWHEHUS  OTHOCATCI K  aMOppHBIM  OOpa3oBaHUSAM.
B dactHOCTH, OpraHuWdeckas COCTaBISIONIAs YTOJbHOW MEJOYU IMPEICTaBIsieT CO0O0i CMech
Pa3IMYHBIX PEHTIeHOAaMOP(HBIX KOMIIOHEHTOB, MPUCYTCTBUE U KOJUYECTBO KOTOPBIX MEHSETCS B
psany Mmetamopdusma.

Mexannueckoe AUCTIEpTUpOBaHUE yroibHOTro Opukera ¢ [IDT® He BBI3BIBACT pa3pylieHHE
arperaroB (PUCYHOK 5).
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BHenpenue 3aXuraTelbHOrO COCTaBa B OpPHUKET HE MPHUBOJUT K CYIIECTBEHHOMY YMEHb-
LICHUIO Pa3MEpPOB U PA3PYILICHUIO arperatoB, MPHU 3TOM 3HAYUTENIbHAS YacTh MUPOTEXHUYECKOTO
coTaBa HaxXOJMUTCS Ha MOBEPXHOCTH YIJIS B BUJZIE YacTHUIl ¢ pazMmepamu oT 145.8 no 368.6 HMm
MIPEUMYIIECTBEHHO B BUJIC «KOATYJISTHTOBY (PUCYHOK 5).

BeposiTHO, Gomblias 4acTh cojied OMxpomara Oapuisi ¥ TOPHOYETO MarHus HaXOJIUTCS Ha
IOBCPXHOCTH, JII/I60 B mopax yrjis, 4TO HE IMO3BOJIACT HAACKHO €I0 pCruCTpupoBaTtb METOIOM
CKAHMPYIOIIEH MUKPOCKOIIUHU.

PucyHok 4 — YroubHblit 6puket ¢ [IDTO npu PucyHox 5 — YroapHBIH OpHKET ¢ TUPOTEXHHYECKUM
TemmnepaTypsl Iiasnenus -120 — 130 °C COCTaBOM

CkopocTh HarpeBa M KOHEUYHas TemIepaTypa SBISIOTCS OCHOBHBIMHU (haKTOpaMu Ipoliecca
MPOKAIMBAHUSL ¥ OMNPENEISIOT TEeMIIepaTypHOe Ioie B Opukere. Pasznuume temmeparyp B
mpolecce HarpeBa 1o o00beMy OpuKeTa oOIpeaenseT HEPaBHOMEPHOCTh YCAAKH, CO3HaeT
OMACHBIC BHYTPCHHUE HANPSHKCHUS W OKAa3bIBAeT OTPHUIATEIIFHOE BIIMSHUE HA BBIXOA U
Ka4ecTBO OpukeToB [1].

B kawecTBe 3aXHraTenbHOTO COCTaBa IMOAOMpANACh CMECh JIETKOTOPIOYHMX BEMIECTB W
okucnurenei. B yacTHOCTH, 3a)KUTraTeNbHBIN KOMIIOHEHTOM OBLIT BEIOpaH MUPOTEXHUYECKHI COCTaB
(IIC) BaCrOs4 w wHuTpara amMMoHHS U Toprodero Mg. IlupoTexHHYECKUH KOMITOHEHT
MEPEMEIITUBAJICS C UCXOAHBIM YTIIeM, TAaKUM 00pa3oM MONydascs 3aKHTaTeTbHBINA CION, KOTOPBIH
COZCPKUT KaK TOPIOYHMHA KOMITOHEHT (YTOJbHBIN MIIaM, KapTOH), BOCIUIAMEHHTENb MarHUi M
OKHCIJIUTENH B BUJIE HUTpaTa aMMOHUS M XpoMata Oapusi.

Ha pucyske mnpencTraBieHbl ITaHHBIE TI0 MPOIODKUTEIFHOCTH TOPEHUS OpHKeTa OT
COJIEp>KaHUs 3)KUTATEITHLHOTO COCTaBA.

Kak BHIHO M3 pucyHKa 6, BpeMsi TOPEHUS 3aBHCHT HE TOJIBKO OT COJIEPKaHHS CBS3YIOIIETO,
HO U OT COCTaBa KOMIIOHEHTOB U HAJIMYUS 3Q)KUTaTEILHOTO dJIEMEHTA.

Haubonee ontumansHoe konuuecTBO cBssywomero 30 % kaprona mpu 70 % yroibHOTO
[iaMa CrHocoOCTBYET MporeccaM JIMTENHHOTO TOPEHHsI COCTaBa C MEHBIICH TeMIOTBOPHON
CIIOCOOHOCTBIO TIPH 3TOM TIPOMCXOAMT KOKCOOOpa3oBaHME KakK TMPOIECC KOHJICHCAINU
apOMaTHYECKUX COCIUHEHUH, MPHU ITOM MPOHUCXOIUT TEPMHUUECKOE Pa3JIOKEHUE OpraHUYeCKOH
YacTH CBS3YIONIETO KAapTOHA, COMPOBOXKAAIOIIEECS pPAClaJoM MOJEKYT YTrOJBHOTO IjlamMa H
yIeTyduBaHueM Haubosee JETKUX MOJIEKYII.
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PucyHok 6- 3aBucHMOCTh BpeMEHHU ropeHHst OpUKETa OT COJEPKAHUSI CBSA3YIOIIETO

Kak BuaHO M3 pucyHka 6, ropeHre yriisi B MpUCYTCTBUU monmdTuiaeHTepedTanara ( [IDTO)
IIPOXOAUT 4epe3 MakcuMyM Ipu 50 % HOM coiepaHMHM U IO BpeMEHM ropeHus pocruraer 40
MuHyT. [lockonbky B opranuueckux coeauHeHusx [I9Td cBsa3p yriepoga ¢ MOCTOPOHHUMU
aToMaMM OOBIYHO cja0ee, YeM CBSI3M MeXJAy aToOMaMH yIJepoja, TO YJIeTy4HBarolluecs
MOJIEKYJIBI COJEP’KAaT OTHOCHUTENBHO MEHBUIYIO JOJIO yriepona. B pesynpraTe aToMHBIX
NeperpynnupoBok B HenerydyeM  octatke I[IDT® HakammBaroTcs  Hambosiee  IpPOUYHBIE

YIJIEPOJACOAEPKAIINE  MOJEKYJISIPHbIE  CTPYKTYpBI, a MeHee MPOYHBIE  HMCYE3AIOT.
ITpoucxomut OTOOP CBsA3€H MO MHPOYHOCTH, 4YTO M ONPEAEISACT OOlIee HalpaBIEHHE BCEro
mpouecca MOJEKYJISIpHOW  acCOLMalMd IpU  NUPOJIM3€, a UMEHHO — MPOTPECCUPYIOILEE

YIUIOTHEHHE MOJIEKYJISIPHOU CTPYKTYPHI.

ITockonpky caMOM MNPOYHOM U IIOTHOW SABISAETCA AapoMaTU4ecKas CTPYKTYpa, BCAKUU
MIPOLIECC TEPMHUUYECKOIO Pa3sIOKEHUsS OPraHWYECKUX BELIECTB BJIEUET 3a co0O0Ml apomaTH3alUIo
HEJIETY4Yero octaTka M o00pa3oBaHHME  apOMATUYECKUX  IOJULUKIOB. Takum oOpa3om,
IPUCYTCTBHE B CBA3YIOILEM BEIIECTBE apOMAaTHYECKUX COEIMHEHUN OOecreunBaeT IMOIy4YeHHE
Ooyiee MPOYHOTO KOKCa, M CIIEOBATENbHO, Oojiee MPOYHBIX OPUKETOB. DTU COOOPaXKEHUSI UTPAIOT
pEIIAoNIyI0 POJib NMPU BHIOOpE BELIECTB OPraHMYECKOrO0  XapakTepa B KayeCTBE  CBS3YIOILErO
s OPUKETHPOBAHUS  YIJIA C MOCIEAYIOUIeH ero NpoKaJlIKoH.

Wcnonp30BaHue yrolbHbIX LUIAMOB U OyMaXKHbIX OTXOJIOB B BHJE KapTOHa MO3BOJSET
MOJIyYUTh TNPOCTOH B M3TOTOBIEHWHM M MO COCTaBY TOIUIMBHBIA OpUKET M OJHOBPEMEHHO
YTUJIN3UPOBATh YrojibHbIE © OyMakHbI€ OTXOHbl. YTOJbHBIE IIJIaMbl OOECIEeUYnBaIOT
TEMJIOTBOPHYIO CIIOCOOHOCTH TOIJIMBHOI'O OpuKeTa. byMa)kHble OTXOABI B OCHOBHOM CIIO€
o0ecreunBaOT €ro HajexxHoe ropeHue. Hammuume orBepcTusi B OpHUKETe CHUKAaeT BBIOPOCHI
BPEIHBIX BEIIECTB B aTMOchepy.

Taxum 06pa3zom, Mbl MOTYYHSIM OpUKETHI, CHOPMUPOBAHHBIE B BHJAE LWIMHApPA JUAMETPOM
40 MM, nMaMeTp BHYTPEHHEro OTBepcTHA 12 mwm, mumHa OpukeroB 180-220 mMm.
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IOJABOP I'OPIOYEI'O HEMEHTATOPA, IO3BOJIALLEI'O NPOU3BECTU
KAYECTBEHHOE I'OPEHUE HEKOHINIITUOHHBIX YI'JIEHU

H.M. PaxoBa, U.A. IlycroBasos, 3.JI. Cyaranosa, JI.P. CacbikoBa, I'.A. Cnanosa,

®@. 10. AdoapakoBa, M.!. Tyaenos, 3.A. Mancyposn
r. Anmmaret KasHY uM. anp-®apabu, MuctutyT npobiem ropenus, tulepov@rambler.ru

AHHoTanusi. B maHHOH paboTe ompeseneHbl ONTUMajbHbIE YCIOBHSA IMOJY4YEHHS YTOJIbHBIX OpUKETOB. AHAIU3
TOJIYYCHHBIX PE3YJIbTATOB IMOKa3aJl, 4YTO MPOYHOCTH IPHU CKATHUU 6pI/IKeTOB, HU3IrOoTOBJICHHBIX C HCIIOJIb30BAHHUCM
MOJU(UIMPOBAHHOTO TyApOHa M OMTyMa BbIlIE HOPMUpPYeMOro mokaszarens Ha 15-35 %. 3ompHOCTD KoneOneTcs B
npexaenax 15-18 %, HecMOTpst Ha TO, YTO OHA HECKOJIBKO BBIIIE B OpUKETaX ¢ MOJU(PHUIUPOBAHHBIM T'YPOHOM, BCE XKe
Ha 27 % MeHbIlle HOPMUPYEMOTO TOKa3aTelsl.

Hcnonb3oBaHue TyApoHa B KayecTBE CBS3YIOUIETO [Js OpPUKETUPOBAHUS OCJIOKHEHO
M30BITOYHBIM COJICPKAHMEM B €I'0 COCTaBE OCTATOYHBIX MAcCelI, YTO OTPHUIATEILHO CKa3bIBACTCS HA
aJre3MOHHBIX CBOMCTBAx [1].

C menpl0 YCKOpPEHHS TIPOIIECCOB OKHCICHHS W YIYYIICHUS aATre3MOHHON CIOCOOHOCTH
CUCTEMBI «yrollb — CBSI3YIOLIEe» MpeiJiaraeTcs BBEJEHUE B TYAPOH B KayecTBE CTPYKTYPHO-
aKTUBHOM JOOABKM TEXHHUYECKOTO YIJIepoAa, KOTOPBIA, Oyiaromaps CBOUM aJCOPOIIMOHHBIM
CBOMCTBAM U CTPYKTYype, COCOOEH cOpOMpOBATh YacTh HU3KOMOJEKYISPHBIX Macel U YCKOPSTh
MPOIIECCHl OKUCIEHUS TYJIpPOHA 10 OMTYMHUHO3HOTO COCTOSHUS TPHU TOCIEIYIONIEH TepMHUECKOM
obOpaboTke.

Ha nauyanpHOM 9Tarie mcciaeoBaHus pacCMaTPUBAIIOCH BIUSHUE COACPIKAHUS BIIard yIJisl HA
MEXaHWYECKHUEe CBOWMCTBa OPUKETOB, KOTOPOE WIPaeT BAXKHYIO pOJIb B MEXaHHU3Me 00pa3oBaHUS
Opukera.

Brnara, Haxopsmiascs Ha TMOBEPXHOCTH YTOJNBHBIX 3€pPEH, CO3JaeT THUIAPATHYIO IUICHKY,
BITUSIIONYIO HA MPOYHOCTH COSTMHEHUS CBS3YIOMIETO U YIiisl. MHOTOYHMCIICHHBIMHA HCCIICIOBAHUSIMU
JI0Ka3aHO, YTO MpHU HW30BITKE BJIard Ha MOBEPXHOCTU yris oOpa3yeTcs JKHUIKas IUIeHKa, He
MO3BOJISIIOINIAST CBSZYIONIEMY MPOYHO MPUIUTIATh K YIJII0, TP 3TOM CMayuBaroIIasi ClIOCOOHOCTH
CBSI3YIOIIETO YMEHBIIAETCS] U MEXaHHUeCKast MPOYHOCTh OPUKETOB CHIXKAETCSI.

OnTuManbHOE 3HAYEHUE BJIAKHOCTH OpHWKETa YCTAaHABIWBAJIOCH MO 3HAYEHUSM MPOYHOCTH
MpU CXKAaTHUH O00pa3lloB MPH MHUHHMAIbHOM W MaKCUMAaIbHOM JaBJIICHUU TPECCOBaHUS. AHAIU3
MOJTYYEHHBIX PE3YyIhTAaTOB TOKAa3all, YTO MPOYHOCTh MPU CXKATUU OOpa3IOB MaKCHMallbHA TPH
BiakHocTH yris 10-11 %.

AHanmu3 pucyHka | TOKa3bIBaeT, YTO TPH BIAKHOCTH OTXOJ0B ¢ 5 10 10 % wum BbIIIE
MIPOYHOCTh U COOTBETCTBEHHO IIOTHOCTh OPUKETOB YBEIMYUBAETCS, HO JAIbHENIIIEe TTOBBIIICHHUE
BJIQKHOCTH XYJIITUM 00Opa30M CKa3bIBACTCS Ha MMPOYHOCTH OPUKETOB. Y CTAaHOBJICHO, UTO Haubosee
MpOYHbIe OpPUKETHI MONYYAIOTCS MPHU BIAKHOCTU HUCXOAHOM cmecu B nuanazoHe 10 %. Ilpm
yBenudeHUu BIaKHOCTH OT 10 mo 30 % mpodyHOCTh OpHKETOB yMEHbIIaeTcs. TakuM oOpazom,
KauecTBO OPUKETOB B 3HAYUTEIHHOW MEpe 3aBUCUT OT BIAKHOCTU MCXOMHOM cMecH. OnTrManpHas
BIaxHOCTh —10 %, Tpu TakoW BIAXHOCTH JIOCTUTAIOTCA HAWIy4dIllIe MEXaHWYECKUE
XapaKTePUCTUKU OPUKETOB.

YBenuuenue coaepkanus Biard B yriae ot 12 1o 20% oka3siBaeT ocnabisromiee BIUsSHAE Ha
aAre3ui0 MEXAY VyIJIeM U CBS3YIONIUM H3—3a PE3KOTO HApYyIIEHUS HEMOCPEICTBEHHBIX
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aJICOPOIIMOHHBIX KOHTAaKTOB B MEX(a3HOW 30HE, YTO M NPHBOJUT K MAJACHHUIO IPOYHOCTH.
CrnemoBaTebHO, ONTHUMAIBHOW JUII OpPUKETUPOBAHUS SBISICTCS BIAXKHOCTH BO3IYIITHO-CYXOTO
COCTOSIHMS YIJIsl, Haxoxsmascs B mpenenax 10-11%.

3HAUUTENBHYIO POJIb B TIPOIECCe OPUKETUPOBAHUS TAKKE WIPAET IMOIATOTOBKA YrOJLHON
muxThl. CHTOBBIM COCTaB yIJII M PACIpECICHUE 3€PeH Pa3IMYHON KPYITHOCTH B IIMXTE
JOJDKHBI COOTBETCTBOBATh €€ MAaKCHMAaJIbHOW YIUIOTHSEMOCTH, MPH KOTOPOH 00eCIeuynBaroOTCs
HauOOJIbIIAas TPOYHOCTh KOHTAKTOB MEXKIY 3€pHAMH M BBICOKAas IMPOYHOCTH OPUKETOB IpH
MUHUMAITBHOM PACXO0/Ie CBSA3YIOIIETO Ha OPUKETHPOBAHHE.

o
o N &
w

o N & O O

MpouxocTs npu OkaTwr, MiMa

4 6 8 10 12 14 16 20 30
BaammHocTs, %

—50Mna ——100Mna 150Mna

coctas: yroib (85%) : ryapon (15%)

Pucynok 1 — BausiHue cojiepykaHusi BIard yriisl Ha MPOYHOCTh OPHKETOB,
MIOJIYYEHHBIX TipH AaBienun npeccoBanus 50 (1), 100 (2) u 150 MIla (3)

[TpuHumn nogdopa cMecu YacTHI] Pa3IMYHOW KPYHMHOCTH ONTHMAaJbHOTO HACBITHOTO Beca
OCHOBBIBACTCS Ha TEOpUM HambOosiee IMIOTHOM yHakoBKHM 3epeH. [Ipu HempaBHIBHO BBIOpAaHHOM
CUTOBOM COCTaBE€ IIUXTHl WJIHM IJIOXOM €€ MOATOTOBKE MPOCTPAHCTBO MEXKIY 3€pHAMHU yIJIs
3aIOJIHACTCS CBA3YIOIIMM WIIM €r0 CMEChIO ¢ MEJIKMMHU 3€pHAMU YIJIs, HapylaeTcs HeoOXoanMas
CBSI3b MEXJ1Y YrOJbHBIM 3€pHaMH, 4YTO JI€JaeT HEBO3MOKHBIM MOIYyYeHHEe OpPUKETOB HEOOXOAMMOMN
MPOYHOCTH [2].

HccnenoBanus no BAUSHUIO TPaHYJIOMETPUUECKOI0 COCTAaBa YIilsl HA MEXaHMYECKHE CBOMCTBA
OpukeToB (puC. 2) MOKa3aldM, YTO MOBBIIIEHHE MPOYHOCTH Ha C)KaTHE OCOOEHHO 3aMETHO B
OpUKETHBIX o0pa3lax, CoAep KalluX Yrojib ¢ HauMEeHbIIeH KpynmHocThIo (Kiace yrias 1,5 mm). Oto
O0yCJIOBJIEHO TeM, 4YTO Tpu OpPHUKETHPOBAHMH TOHKOM3MEIBYEHHOTO VYIJISI KOJIMYECTBO
B3aMMO/JICHCTBYIOIINX TOBEPXHOCTHO aKTUBHBIX KOHTAKTHBIX TPYII CO CBSA3YIOUIMM MaKCHUMaJbHO,
BO3pacTaeT poJib TAK HAa3bIBAEMBIX AKTHUBHBIX LIEHTPOB Ha TBEPIOH MOBEPXHOCTH, YCHUIMBAETCA
a7IcopOLIMOHHOE B3aUMOJEHWCTBUE HAa TpaHMIle TBEPAOH M KUIKOHN (a3, s3ppeKkTuBHEE MPOTEKAET
i Qy3us MaJbTEHOB CBS3YIOIIMX B TMOPbI M TPEUIMHBI YIJIS, YTO HEU30EKHO MHPUBOAUT K
YBEJIMUEHUIO TMpOYHOCTU. B pesynbrare wHcciaenoBaHUN  yCTAHOBJIEHO, YTO IPOYHOCTb
KOMITO3UIIMOHHBIX COCTAaBOB, COCTOSILIMX M3 3€pPEH YIVI KPYNHOCTBIO 3MM, MPUMEpPHO B 3 pasa
HWKE IIPOYHOCTH OPUKETOB, NOJIYYEHHBIX M3 YIVIsI KPYIMHOCTBIO 1,5 mpH OJMHAKOBBIX MapameTpax
OpUKETHPOBAHUS, YTO CBSA3aHO C TEM, YTO IMPH MPECCOBAHUH MPOMCXOJUT pa3pylIeHUE KPYIHBIX
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YTOJIBHBIX 3€peH M 00pa30BaHME JIOMOJHUTENbHBIX MMOBEPXHOCTEH, HE CMOUYEHHBIX CBS3YIOIIHM.
HecmoTpst Ha TO, 4TO 00pa3iibl, H3TOTOBJICHHBIE TOJBKO M3 YrOJbHOW MbUIM (CTENeHb momoia 1,
puc. 2) u cmecu (crerneHb nomona 3, puc. 2), garoT 0ojiee BHICOKHME MOKA3aTENU MPOYHOCTU MPU
CKaTHH, WX MCIOJb30BaHUE JUII OpPUKETHPOBAHUS HE PAIMOHAIBHO B CBSA3M C BBEICHHUEM B
TEXHOJIOTUYECKHI LUK TPYAOEMKHUX OIepaluii H3MelbYeHUs] M pacceBa, MO03TOMY, A
JAJIbHENIINX HCCIIEI0BAaHUM HCIIOJB30BAJICS YroJlb C ONTHMAJIbHBIM pa3MEpPOM 4acTHI] MeHee 2,5
MM.

VHTEeHCUBHOCTh CLEIUICHUS 4YacTUIl OpHKETHPYeMOro YIJisi B 3HAYUTEIBHOH CTENEHU
BO3pacTaeT C YBEIUYCHHUEM JaBJICHUS IMPECCOBAaHUSA, MOITOMY CIEAYIOIIUNA ATal HCCIeI0BaHUMN
IpeycCMaTpUBaJl OIICHKY BJIHMSIHHUS JABJICHUS NPECCOBAHUS HAa MEXaHMUYECKHE CBOMCTBA OpPHKETOB
Ha KOMIIO3UIIMOHHBIX COCTaBaxX, COJAEPKAIIMX B KayecTBe CBs3yrolero ryapon l[laBromapckoro
HII3, pe3ynbTaTsl KOTOpOM mpezacraBieHbl Ha puc. 3. IlpeccoBaHue Npou3BOAMIIOCH IIpU
BappupoBanuu aasneHus ot 50 go 200 Mlla, B1a>kHOCTB yriisi MpU 3TOM ObLTa ONTHUMATBLHOM.
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PucyHok 2 — Biusinue crenenu nomosa PucyHOK 3 — 3aBHCUMOCTD MPOYHOCTH OPUKETOB OT
yIIIg Ha IpOYHOCTH OpukeTos, MIla JIaBJICHUS TIPECCOBAHUS

AHanu3 MOJY4YEHHBIX pE3yJbTaTOB MOKa3aj, YTO MPOYHOCTh OPHUKETOB IOBBIIIAETCA C
yBeJIMYEeHUEM JaBjeHus mnpeccoBanus a0 150 Mlla, 3aremM HaumHaeT majarb. YCTaHOBIIEHO
ONTUMAaJIbHOE JaBjeHue npeccoBanus pasHoe 150 MIIa.

HccnenoBanue BIMSHUS PEXUMOB TepMOOOpPaOOTKM Ha MEXaHMUYECKHE CBOMCTBAa OpPHKETOB
(puc. 4), mokasano, 4YTO MPOYHOCTh MPU CHKATUU OPUKETOB YBEIUYUBAETCS C POCTOM TEMIIEpPaTyphbl
KOHEYHOU 00pabOTKH U JToCTUTaeT MakcuMasibHOro 3HaueHus npu 230 “C ¢ BBLACPIKKON MPH TOM
temneparype 180 MuH, nosbiimieHne Temmeparypsl Bbimie 230 °C mpuBOIUT K BO3TOPAaHUIO U
paspyleH’o OpUKETOB.

PocT mpouHocTH ¢ TemmepaTypoil, BEpOsiTHEE BCEro, CBsi3aH [8] ¢ yBeNIMYEHHEM CKOPOCTH
mpolecca  OKHUCIEHMs  IyapoHa. B pe3ynabTare  OKHCIMTENBHOM MOJUMEPHU3ALMHM U
MOJINKOHJCHCALIUK CBSA3YIOIIEr0 IPOUCXOJIUT €ro OTBEpKJIeHHEe, oOpa3oBaHHE TBEP/BIX
BBICOKOMOJIEKYJIIPHBIX ~ COETMHEHMH, O0OECIeYHBAIOIIUX TPOYHYIO CBSI3b 3€pEeH OPHKETOB.

Hanee, mpu pacxojne csywomiero 6omnee 15% (B cmydae 6utyma) u 6onee 30% (B ciydae
MOJTUGUIIMPOBAHHOTO TYApPOHA) MPOYHOCTH MpPHU CKATHM HAYMHAET Majarh, YTO, BO3MOXKHO,
O0OBsCHSIETCS TPHUCTECHHBIM 3(dekToM, T.e. oOpa3oBaHHMEM IUICHKHM Ha IOBEPXHOCTH O00pasIia,
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KOoTOpass IMPCIATCTBYET IIPOLECCY OKUCICHHUA CBA3YIOLICIO B o0BeMe n3acius. HaHHOC
00CTOSITCIILCTBO BIIMSET HE TOJLKO Ha IMPOYHOCTH 6pI/IK€TOB , HO U ONpeCaAcsieT OITUMAaJIbHEIN
pacxoa CBA3YIOIICTO.
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Pucynox 4 — BnusiHEE pekKUMOB TEIUTOBON 00paOOTKH Ha MEXaHIMUYECKHE CBOMCTBA OPHKETOB

st pa3paboOTaHHBIX OpPUKETHBIX COCTABOB OBUIM OMPEIEICHBI CIEAYIONIUE OCHOBHBIC
XapaKTePUCTHKU: TPOYHOCTh TMPH CHKATUM, 30JbHOCTh, BBIXOJ JIETy4YHWX BEIIECTB, O0OIIee
coJiep’KaHue cepbl, 0o0IIee coaepKaHHe BOJOPOJA, BOAOIOIJIOLIEHUE, MaccoBas JOJs BIaru,
BBICIIIAsl U HU3IIIAsl TETJIOTHI CTOPaHUs, BCE 9TH XapaKTEPUCTUKU CBEICHBI B TaOIuIy ..

Tabnuua 1 - OcHOBHbIE TEXHUYECKHUE XapaKTEPUCTUKN OYpOYTOJIbHBIX OPHUKETOB

Ne Cocras OCK, Ad, % Vdaf, % W, % Qdaf s Qr i KKaJ/Kr
MIla KKaJI/KT

1 Yroabtrynpox 6.1 17 46 2,4 6654 5432

2 VYrons + TY 8.14 15 43 1,2 6210 4254

3 Vroap+ I[IDTO 10,4 14 40 2,4 6862 5020

4 Vront+ 6eHTOHHUT 125 19 37 2.5 6952 5352

GCXK — TpeieNt MPOoYHOCTH npu cxxatuu, MIla; Ad — 30JIbHOCTh Ha Cyxoe COCTOsTHHE TOIuMBa,%; Vdaf —BbIxon
JIETYy4YUX BEUIECTB,%0;

W —Bonmonornomenue,%; Qdaf s —Bpicmiass Temiaota cropaHusi Ha cyxoe 0e330JbHOE COCTOSIHHE TOIUIHMBA,
KKaJI/Kr;

Qr i — Hu3IIAs TEMIOTa CrOpaHus Ha paboyee COCTOSIHUE TOIUTMBA, KKaJI/KI

AHanu3 TONY4YeHHBIX pPE3yJNbTAaTOB IMOKa3al, YTO NPOYHOCTh MPHU CKATHH OpPHUKETOB,
U3TOTOBJIEHHBIX C  HUCHOJb30BaHUEM MOAUGUIMPOBAHHOTO TyApPOHAa M OMTyMa BBILIE
HOpMHpYyeMOro moka3zatens Ha 15-35 %. 3ompHOCTh KOebnercs B npeaenax 15-18 %, HecMoTps Ha
TO, YTO OHA HECKOJBKO BBINIE B OpUKeTax ¢ MOAU(UIMPOBAHHBIM T'yJIpPOHOM, Bce ke Ha 27 %
MeHbIlIe HopMupyemoro nokasarens. ConepkaHue cepsl B pa3pab0OTaHHBIX OpHKeTax — HUXKE B 7-
15 pa3z, Bogomornomenue — Huxe Ha 40-60 %.

ConeprkaHue JIETYy4UX BEIIECTB SIBISETCS OJHUM U3 BaXXHBIX KPUTEPUEB ISl XapaKTEPUCTUKU
OypOyroJIbHBIX TOIUIMB C€ TOYKM 3peHHs AbIMHOCTHU. [lodyuyaembple MNpu  ONTHUMAalIbHBIX
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TEXHOJIOTUYECKHX IapaMeTpax M CcocTaBax OpHUKEThI, IO COACPXKAHHUIO JIETY4YHUX BEIIECTB,
OTHOCSITCSI K KaTerOpHH JILIMHBIX OBITOBBIX TBEPJABIX TOIUIMB. C)KHUTaHHWE IMOJYYCHHOTO TOILIMBA
npu 850 °C mokaszano, 4To BO3ropaHue OpHKETOB mpoucxomuT B Tedenwe 110-113 c, mpuuem
HE3HAYUTEIIbHBIC BBIJICIICHUS KOTIOTH TIPH 3aTOPAHUHM ¥ TOPCHHHM HAOMIOAAIOTCS Ui OpPUKETHBIX
00pa3loB, coIepKallMX Kak HeMOAM(PUIMPOBAHHBIN, TAK U MOAU(PHUIIMPOBAHHBIN TYAPOH.

Boponornomenne OpukeroB cocraBiser 1,8-2,5 %, mpu 3TOM OCTarouyHas MPOYHOCTH
OpukeToB cHIkaercs Ha 25-30%. D10 00bsACHsAETCS co3AaHueM THAPOPOOH3UPYIONINX MICHOK U3
CBS3YIONIUX BOKPYI YAaCTUIBI YIJsA. Takke Bce o00paslbl XapaKTePU3YIOTCS OTCYTCTBHEM
CIIUTIAEMOCTH JPYT C APYTOM.

Takum oOpa3om, MOJMydeHHBIC PE3yJIbTaThl CBUACTEILCTBYIOT O TOM, YTO B JJAOOPATOPHBIX
YCIOBUSIX ONTHUMAIbHBIMHM IapamMeTpaMd MOJY4YeHHs] KauyeCTBEHHBIX TOIUTUBHBIX OpUKETOB
SIBJISIFOTCSL:

- kpynHocTh yriist 0-2,5MMm; - BnaxkHocTs yris 10-11 %; - naBnenue npeccoBanus 150,0 Mlla;

- remneparypa oopadotku 230 °C ; - Bpemst repmoodpabdotku 180 mMuH.
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STUDY OF SOOT PRECURSOR FORMATION IN HYDROCARBON FLAMES

tAuyelkhankyzy M., ?Slavinskaya N.A., !Lesbayev B.T., 1*Prikhodko N.G., *Mansurov Z.A.
nstitute of Combustion Problems, Bogenbay Batyr Str. 172, 050012, Almaty, Kazakhstan
2Department Coolant System, GRS, Boltzmann Str. 14, 85748, Garching, Munich, Germany

3Almaty University of Energetics and Communications, Baitursynov Str. 126, 050013, Almaty, Kazakhstan
auyelkhankyzy@gmail.com

Abstract. On the base of obtained experimental and numerical work the mechanism of graphene formation in a laminar,
fuel — rich, sooting hydrocarbon flames was created. This mechanism provides a fundamental understanding of the
graphene formation and their growth in a fuel — rich flame.

Soot and soot precursors, such as PAHs and graphene are nano-sized carbon particles formed
in the combustion process. Soot is known to cause adverse health and environmental effects. By
increasing radiation heat transfer, soot reduces the efficiency and durability of engine systems, such
as diesel engines and gas turbines. Because of the strong association with health, environmental,
and technical concerns, soot and soot precursors formation has drawn attention from the energy
intensive industries. Emission standards are set to include particulate emission. To effectively
facilitate these developments, a strong, comprehensive understanding of soot formation is required.

This present work is devoted to experimental and numerical study of soot precursors, such as
PAHs and graphene formation in propane-oxygen and benzene-oxygen flames at low- and
atmospheric pressure. The experimental studies of graphene formation and synthesis of single- and
multi- layer graphene in propane-oxygen and benzene-oxygen flames at low- and atmospheric-
pressure with and without application of electric potential to nickel substrate were performed. The
experimental parameters of synthesis of graphene and influence of electric potential to graphene
formation in propane-oxygen and benzene-oxygen flames are presented in [1-3]. It is stated, that
graphene formation in C3zHg and CsHe hydrocarbon flames as at low-pressure, and at atmospheric-
pressure, occurs in the pre-sooting zone, and the graphene formation zone at low pressure is more
extended with pressure increasing from 40 to 100 Torr.

The numerical study of soot precursors, such as PAHs formation was performed using a
detailed reaction mechanism for low- and high- temperature oxidation and pyrolysis of a-, p-CsHa,
CsHs, C3Hg and CeHs hydrocarbons. Detailed reaction pathways for allene and propyne oxidation
are presented in [4,5]. The detailed chemistry of allene and propyne is a part of earlier published C»
mechanism of Slavinskaya [6] which consists of 111 species and 920 reversible elementary
reactions. The numerical calculations have been performed with Chemkin and Chemical
Workbench software.

The formation pathways of soot precursors on the base of the rate-of-production analysis were
studied. It was established that the allene and propyne play the major role in formation of acetylene
(C2H2) and propargyl radical (H.CCCH). Benzene formation goes mostly through propargyl radical
recombination in rich flames. The i-C4Hs radical and benzene play a critical role in naphthalene
formation. The methyl radical (CHs), ethylene (C2H4), vinylacetylene (CsH4) radical, i-C4Hs radical,
phenyl radical (Al-), benzyl (C7H7) play the key role in the formation of styrene. Benzene and
styrene are the main path in PAHs formation, such as acenaphthalene (A2R5), phenanthrene (A3),
pyrene (A4) and benzo(a)pyrene (BAPYR).
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On the base of the present numerical and experimental work was established that first
aromatic ring — benzene, is formed via the reaction H.CCCH + H,CCCH < Al. Benzene reacts
with small soot precursors: small radicals, CoHs, H.CCCH, CsH4, H.CCCCH, C4Hs, CsHs, and
molecules, CoHz, C4H2, C4Ha; and as results is formed PAHs. The further growth of PAHs — pyrene,
is assumed to be led to graphene formation. The growth and oxidation of the graphene by
heterogeneous reactions led to soot formation.

Earlier, Mauss et al. [7] proposed the detailed chemistry soot model, which is essentially
subdivided into three parts — gas phase chemistry, polymerization of PAH and formation and
growth of soot particles. This soot model was supplemented by graphene formation stage.
According to the present experimental results graphene is formed pre-sooting zone as at low
pressure, as at atmospheric pressure. Schematic illustration of the soot model [7] supplemented by
graphene formation stage and its growths to soot is shown in Figure 1.

soot

4
[ vaee ]
i\ 4 A

particle inception condensation surface growth
I GaCInhaqp

Polymerization of PAH

1%t stage l‘—) 2Wstage =P n’thstage [P

Figure 1 — Schematic illustration of the soot model

This soot model, which are supplemented by graphene formation stage provides the
fundamental understanding about the highly complex and poorly understood soot formation
processes.
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MMPUMEHEHME 3D IPUHTHUHI A IS U3rOTOBJIEHUSA U3AEJIUIA

Cyaraxan LI.T., Hayp3oaea I'., Haxunksizel M., Mancypos 3.A.
Mucruryt Mpobnem Topenus, Boren6ait batwipa 172, Anmarsl, Kazaxcran
2Kazaxckuii HallMOHANBLHBIN YHHBEpCUTET UM. anb-Dapabdu, 050040 np. ans-Papabu, 71
Shynggyskhan.1@gmail.com

[TonmyyeHus wu3genust ONpeAeTIeHHOM CIOXKHOM (OpMBI SBISETCS BaKHBIM, TaK Kak JUis
COOTBETCTBHUSI CETOJHSLIHUM TEHJCHLIMSIM HY)KHO M3rOTaBIMBaTh MW3JEIUs OBICTPO U OYEHb
BBICOKOM TOYHOCTH. Ha ceronHsmHUN J1IeHb HOBBIM paclpOoCTPaHEHHBIM METOJOM H3TOTOBJIECHHUS
W3JIeUs SIBJISIETCS aiIUTUBHAS TEXHOJOrus Oosee u3zBectHas kak 3D npuHTUHT. OH OCHOBBIBAETCS
Ha MOCJIOWHOW M3rOTOBJIIEHUM «CJOHM 3a cioem». Ha ceronusmuuii neHp TexHonoruu 3D mevaru
MOXXHO pazfaenuth Ha cienyromue meroasl: FDM (fused deposition modelling), TexHomorus
Polyjet, LENS (laser engineered net shaping), LOM (laminated object manufacturing), SL
(Stereolithography) Crepeonmurtorpadus, LS (laser sintering), 3DP (three dimensional printing) u
T.1.. C pa3BUTHEM TEXHUKU M HAyYHOI'O IIPOrpecca ero YUcio el NpudaBistoTCs.

[Iponsuxenue 3D TexHOIOrMM Jano BO3MOXKHOCTh Ha co3faHue 3D mopenell U3 pasHbIX
MaTEpUajoB. OJTUMHU MaTepHallaMU SIBJISIFOTCS IIOJIMMEPHBIE MaTepUallbl, METaJlIbl, LEMEHT,
Kepamuka, Oumomarepuanbl W T.J. CaMbIM paclpOCTpaHEHHBIM M3 HUX SIBISETCS IOJIMMEPHbIE
MaTepuanbl. J[asg medatm OHM XOpOLIO MOAXOIAT, M SBJISIOTCA CAaMbIM JIEHIEBBIM METOJOM
U3rOTOBJICHUS] M3A€IUU OcHOBaHHOM Ha 3D mnevaru. OCHOBHBIM HEIOCTaTKOM II€4aTH
MIOJINMEPHBIMU  MaTepHallaMy  SBJIAETCS, TO 4YTO IIOJIy4EHHBIE MaTepuajbl TEPMUYECKHI He
ycroruuBsle, ¥ nipu 100°C uznenus yxe TEpsrOT CBOM MEXaHUUYECKHE CBOMCTBA, TEM CaMbIM Jieast
HE TIPUTOJIHBIM JUIsSl IPUMEHEHHS.

Pa3BuTHe marepuasnioB AJid Me4aTH OCHOBBIBAETCS HA TOM YTO KJIACCHYEKHE MaTepuaibl Kak
ABS, PLA, u 1.1. umerot cBou Hepocratku. K npumepy Ilnactuxk PLA sABisercs skonoruueckui
YICTBIM, HO UMEET OTpaHUYEHHBIN 3amac npoyHoctu. W ansg npuaanus HeoOX0AMMOM MPOYHOCTH
noJuMep MOAMMDUUUPYIOT BOJOKHUCTBIMM MaTepuallaMM KakK yIJepoJiHble HAaHOTPYOKH,
CTEKJIOBOJIOKHA. M 1O pe3ynbTaTy WX HUCCIENOBaHUS MOIUMPHUIIMPOBAHHBIA TAaKHUMHU CIOCOOAMU
MaTepHual UMeeT OOJIBIIYI0 MEXaHHMUYECKYIO0 TPOYHOCTh YeM oObIuHbIi PLA miacTuk.

CampiM  OonbmiiM  HampaBieHueM 3D medatu  sBiseTcs medaTb OHMOCOBMECTHUMBIX
3aMeHHTeNed KocTeill. TakuMu marepuasaMy SIBISIOTCS KEpaMHYECKHE MaTepuanbl M METaJllbl.
Mertannnueckue H3JeNMs B OCHOBHOM M3TOTaBIMBAIOTCS Ja3epHbIMH Meronamu (SLM), u
cTpyiiHOrO maBneHus nopomkoB Metanna (Power bed fusion (PBF), Direct energy deposition
(DED)). 515t U3roTOBIEHUSI METATTNYECKUX U3JIEIUU UCIIOJIB3YIOT METAIIIbl MM UX CIulaBbl. Yacto
JUISL TIeYaTH JJIs 3aMEHbl KOCTEeH MCIONb3YIOT TUTaH, TaK KaK 3TOT METaJll B OOJBIIMHCTBE CIyyacn
HE OTTOpraercs OpraHu3MOM, M oOpasyroIMecs MOpbl MpPU TeYaTH CO3/Jal0T YCIOBUE s
IIPOpaIBAaHNE OPTaHU3MOM.

[IepenoBeiM matepuanmom st 3D medatn sBiASETCS KepaMHYECKHME Marepuanbl. Tak Kak
KepaMHKa HE OKMCIAETCS KaK METaJIbl U MMEET BBICOKYI0 MEXAHMYECKYIO MPOYHOCTh, U OH HE
paspyuiaercs Mpu BHICOKUX TeMIleparypax. s neyatu kepaMu4ecKuX U3JIeIUH UCTONb3ytoTes 3D
texnosnorun kak FDM, Ceramic stereolithography (CSL). [Ins mneuatm CSL TexHonoruu
UCHOJB3YIOT (POTOOTBEPIKIAIOIEECS CBA3YIOIIEE I CKPEIUIEHHUs] BBICOKOJUCIIEPCHON KEepPaMUKU.
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[Ipoyecc meuyaTH NPOMCXOAMUT MOCPEACTBOM IeyaTu cjoi 3a cioeM. CHayana Hachllmaercs
OIIpE/ICIICHHBINA CIIOM KEPaMHUKH CO CBS3YIOLIEM BELIECTBOM, IIOTOM JIa3€pOM CBS3BIBACTCS MECTA,
ompezaeneHHble mporpamMmoil. Ilocie croii 3achlmaeTcs emle OJHHUM CJIOEM U TakK IMOBTOPSETCS
neyarb ciod 3a cioeM. [locne medatm kepamuueckoe uszzaenue crekaercsa. Ilocne momywaror
TBEp/IbIi TOTOBBIN MaTepuan. Texnonorus FDM nevaru siBisieTcst camoi Or0/PKETHON B CpaBHECHUH
C IpyruMu MetojaMu. M ero JocTynmHOCTh AeNIaeT €ro MPUMEHUMbBIM IS IIUPOKOTO MOJIb30BAHUS.

[To Texnonoruu FDM neuyatu MOKHO Mevararh KaTalau3aTopbl HA OCHOBE OKCHJIA aTIOMUHUS
u ¢ pobaBkamu kKak Menab. M mocpenctBom 3D mpUHTHHTA MOXHO TPUIATh KaTalaH3aTopy
ONTUMAJIBHYIO (OPMY AJI MPOU3BEACHUS KaTaTUTHUYECKUX MPOIIECCOB.

AJUTUTUBHBIE TEXHOJIOTUU JIETAIOT MPOIECC U3TOTOBIICHUS U3/IEIHH C ONPEIACICHHON (opMoi
ObICTpee, U SKOHOMHYHEE, U B MPOIIECC MeYaTH SABIsieTcs 0€30TXOIHBIM, WM UMEET Mall0 OTXOJIOB.
W xoHEYHBII MPOMYKT B OCHOBHOM HE TpeOyeT MoceayIonei 00padoTKH.
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THE MOST EFFICIENT SOLID FUEL FOR ROCKET LAUNCHING

B. Serikbayev, G. Tureshova
Al-Farabi Kazakh National University 71, Almaty, Kazakhstan
Bekal707@mail.ru

Generally, things which compared with space exploration mostly important. Developing of
spaceships must be very aware, and safe combustion of fuel is one of the most necessary cases of
space exploration. Also, profit of the fuel combustion should be biggest amount of heat, as possible,
without risk of  accident. Reference of  this conclusion took from
[https://geektimes.ru/post/286230/]. Therefore, it should be said, that is important to determine
which solid fuel is most profitable. I chose solid fuel, because liquid one became on the backstage,
which fact compared with dangerous and unstable combustion of it.

| took 4 kinds of most perspective solid fuels: Nitrate cellulose, Ontogeny, Nitroglycerine,
Hexogen.

Previously experience based on article of perspective rocket fuels, which wrote by Ministry of
Defense of Russian Federation

Question: Which solid rocket fuel produce a biggest amount of heat?

Hypothesis: Most efficient solid fuel will be ballistic solid fuel, which consisted of nitrate
cellulose. Because basing on the already given information, this kind of fuel has optimal indexes for
heat yield in rocket engines.

Description of the experiment to test working hypothesis including the following:

a. Independent variable:

Type of solid fuel

b. Dependent variable:

Amount of heat emitted from combustion : E(J)

c. Controlled variables:

Kind of Combustion chamber, where we will fire our fuels[Scale of chamber (m”2)]; Time of
combustion(s); Concentration of fuels(mole/l); Pressure in chamber(pascal); Mass of the fuel(g).
d. Method of this research consists of experimental character, which based on majoring
amount of heat in combustion chamber model by special sensors. I chose this method, because

practical experience can gives us real information.

e. Major equipment:

1) Combustion chamber model, which based on RE-170

2) Nikon d3100

3) Heat sensor FPE8SOBF-DIF-C

f. Detailed description of all the materials required for the experiment.

g. Materials that we will use in experiment is solid rocket fuels, which produced by work
partners. But also, institute should buy import fuels in case of “K”-note. We will take 2000g of each
fuels:

1) Nitrate cellulose fuel

2) Ontogeny fuel

3) Nitroglycerine fuel
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4) Hexogen fuel

h. Laboratory of Institute of space researches

i. Estimated time is about 2 days and realization of the experiment planes on 25 January of
2018

J. Personnel for realization of the experiment consists of whole research group of 5 persons

k. It should be noticed, that’s experiment uses dangerous compounds, which can accidently
burst. Therefore, highly recommended wear special uniform before starting experiment. Also, every
member of research group must remember, that just a little amount of fuel can be required.
Laboratory must equipped by fire-resisting system.

I. Possible problems during the experiment and ways of their solution:

1) Quality of available fuels can be analyzed in lab, but it possible that fuels won’t standard
of indicators. Before experiment should buy more fuel samples from different sources.

2) Incorrectly work of electro system. Turn on autonomic sub generators which installed in
laboratory.

m. A detailed description of experimental procedure:

1) Prepare all fuel samples in mass of 5009

2) Prepare combustion chamber (fill in one of the fuels)

3) Turn on sensors

4) Start combustion chamber with filled fuel and record amount of heat, by sensor, which
calculates already amount of heat

5) Put numbers (amount of heat) in table

6) Clean up chamber of fuel

7) Repeat experiment with another sample

n. Repetitions of the experiment needs 3 times for each fuel, cause there is some possibility of
deviations.

0. Chamber has window, where opposite of it will installed recording camera.

p. Data analysis doesn’t need any formulas and programs (despite Excel), besides sensors
which will calculate amount of heat.

g. We can build bar chart:

Hoat amitted by dfferent fuets

6000
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4500
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3000 2090

Amaunt of heat (J)
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1000
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Solid fuels
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r. Hypothesis is correct, as it was predicted. Ballistic solid fuel, which consisted of nitrate

cellulose, gave highest level of heat, and now nitrate cellulose based fuel can be used for further
rocket launches.
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METO/bl CHU)KEHH S TIPOBUBHOM CIIOCOBHOCTH ®POHTA
IINTAMEHHU B ITAXTE

3.A. Mancypos, M.U. Tyaenos, 10.B. Kazakos, ®.}0. AdapakoBa,

3.JI. CyaranoBa, A.C. Axun:kanoBa, /. [llaxTeikoBa, C. Maauen
Kazaxckuit HanoHaBHBIN YHUBEpCUTET M. anb-Dapabu, Anmatsl, Kazaxcran.

AHHOTa].ll/Iﬂ: B Z[aHHOﬁ CTaTbC PpPACCMATPUBACTCA croco0 JIOKaJIM3allu B3PbIBOB METaHOBO-TIBIICBOII CMECH B
YTOJbHBIX MIAXTaX, IMYTEM CO34aHUSA BOAHOI'O 34CJIOHA (HOBLIH.IGHHOﬁ HJ'IOTHOCTI/I) Ha IMYTU paCIIpOCTPAHCHUSA (1)pOHTa
IJIaMCHHU W PACKAJICHHBIX Y4CTHL, C NMPUMCHCHUCM BBICOKOIHCPICTHUUCCKOIO MHUPOTCXHUYCCKOTO COCTaBa Ha OCHOBC
HaHOAJTIOMHHHUA.

B mnpouecce n00bIYM TOJIE3HBIX HCKOMAEMBIX 3aKPBITBIM ILIAXTHBIM CHOCOOOM, BEJIUKa
BEPOATHOCTb CKAIUIMBaHMsI METAHO-NIbUIEBOM B3BeCH. HacTo 3TO MPUBOJAUT K HECYACTHBIM CIIydasiM,
CBSI3aHHBIM C KaTacTPO(PUUECKUMH B3pbIBAMU ra3a U MbUIM. Takue B3pbIBbI I'a3a U YrOJbHON MbUIU
OTHOCATCSI K aBapHsiM C HauOOJee TSHKKUMH IOCIEACTBUSMH B COLMAIBHOM M SKOHOMHYECKOM
wiane [1]. Hepenko oHM cONpOBOXKAAIOTCS TPYNIIOBBIMM HECYACTHBIMU CIy4asiMM, B OTJIEJIBbHBIX
ClIy4JasiXx YHOCST COTHU 4YelIOBeuecKHX xu3Heu. 3a mocieanue 30 mer Ha maxtax Poccuiickoii
®enepanuu npousonio 6onee 20 xkaTacTpoUUECKUX B3PHIBOB ra3a M IbUIM, HA OTHOCHUTEIBHO
MaJloaBapUitHBIX MOJIbCKUX IIaXTax — 15 B3pbIBOB METAHOBO3AYIIHON CMECH, IPU 3TOM OCTPaiaio
426 denoBek, B ToM umciae 219 — cmeprenbHo. HaumOosblee 4YMCIIO HECYACTHBIX CIy4aeB
¢ukcupyercs Ha maxtax Kuraiickoit Hapoanoit Pecniyonuku (KHP): Tonpko 3a nmocneanue 15 net
6onee 30 MOIIHBIX B3PHIBOB, B pe3yjibTaTe KOTOPBIX HOrHMONM CBBINIE 2 ThIC. yenoBek [2]. 3a
nocneanue 25 ner B Kazaxcrane Ha yrojpHBIX HIaXTax MPOM30HUIM 15 B3pBIBOB, YTO MPUBENO K
6omee yem 100 neranpHBIM UcxoaaMm [3].

JKCIEePUMEHTAJIbHASA YaCTh

Jlokanu3anuss W NOPEIyNpeKICHHE B3PBIBOB B YIOJBHBIX MIAXTaX — 3TO CIOXKHAas
OpraHu3alMOHHO-TeXHUUYecKass 3afada. CrocoObl JIOKAJIM3allMU B3pbIBAa IBLIETa30BO3AYIIHBIX
cMecei B BBIpa0OTKax ABJIAIOTCS IPEAMETOM HAYUHBIX HCCIIEI0OBaHUI.

Llenbt0 JAaHHOTO HCCIIEAOBAHMS SABISIOTCS pa3padOTKa METO/IOB IO CHMKEHUIO MPOOMBHON
CIIOCOOHOCTH (PPOHTA IJIAMEHU U PACKAIIEHHBIX NTOPAXKAIOILINX IEMEHTOB, PACIIPOCTPAHSIOIINXCS B
3aMKHYTOM IIPOCTPAHCTBE IIAXT.

Bo Bpemsi ucnpITaHMil COCTaBbl F'OTOBWJIMCH C PAa3jIW4YHBIM COOTHOLIEHHEM KOMIIOHEHTOB:
rpaHyiupoBaHHas aMmMmuauHas cenutrpa (AC), Oe3AbIMHBI IMOPOX, MarHMWEBBIH MOPOIIOK,
HaHoaMrOMUHHAM. COCTaB TINATENBHO INEPEMEIIMBAICA W BBOJAWICS B BOJAOYCTOWYMBBIA IATPOH.
NHnnynpoBanue OCYILIECTBISIIOCh IMPHU IOMOILUM JJIEKTPUUYECTBA 4YE€PEe3 HUXPOMOBYHO HUTD.
ITpoBoaunnch Uccae10BaHNs Ha IPOOMBHYIO CIIOCOOHOCTh 3aBECHI, COCTOSIIIEH B IIEPBOM CIIydae U3
BOJbl U BO BTOPOM CJIy4ae U3 HACBILIEHHOTO PACTBOpa IOBAPEHHOU COJIH.

Pe3yabTaThl M 00Cy:KIeHUA
Ha mepBom Ha »Tame ucciefoBaHus B JabopaTopuu pa3padaThIBaJCS MUPOTEXHUUYECKUN
coctaB. MccnenoBanuce cBoiCTBa 6 pa3HbIX MO COCTaBY CMECEil.
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1. AC-50%, be3npimubiit mopox-45%, Mg — 3%, Hanoantomunmuii — 2%.
2. AC-50%, be3npimubrii mopox-45%, Mg — 2%, Hanoamomunuii — 3%.
3. AC-50%, be3npimuslii mopox-40%, Mg — 6%, Hanoamomunuii — 4%.
4. AC-45%, be3apimusrii mopox-50%, Mg — 3%, Hanoamomunuii — 2%.
5. AC-45%, be3znpimublii mopox-50%, Mg — 2%, Hanoantomunuii — 3%.
6. AC-40%, be3npmmublii mopox-50%, Mg — 6%, Hanoamromunuii — 4%.

Tabnuua 1- I'myOuHa nmopaxeHus: CKBO3b BOJHBIN 3aCIIOH

Ne AC/BII, macc % Mg/Haunoantomunuid, | J[leronanms I'myOuHa nopaxeHust CKBO3b BOJTHBIH
mace, % 3aCJIOH TONIMHUHONU S0MM, MM

1 50/45 3/2 + 6,2

2 50/45 2/3 + 6,5

3 50/40 6/4 + 6,6

4 45/50 3/2 + 55

5 45/50 2/3 + 6

6 40/50 6/4 + 6,5

W3 pe3ynbraToB BUAHO, Bce 6 COCTaBOB JETOHHMpOBaiIHM Oe3oTka3Ho. [lo cBomM ¢usnko-
XMMHUYECKUM XapaKTePUCTUKAM OTJIMYAIOTCS He3HAauuTesNbHO. CocTaBbl C OOJBLIMM HPOLIEHTHBIM
COZIep)KaHWEM aJIOMHHHS IIOKa3blBaJM JIYYIIyl0 MpoOuBaeMocTh. B Xome mabopaTopHBIX
HKCIEPUMEHTOB ObLT BBIOpPAH ONTHMAJbHBIN 10 COCTAaBY NMUPOTEXHUYECKUH cocTaB: AMMHAYHas
cenutpa — 50%,(mopomok) be3apivmusiii mopox — 45%, Mg — 3%, Hanoamomuanii — 2%.

Bropoii sTan uccienoBaHus MpeacTaBisia cOO0H MMUTAIMIO B3pbIBa B TOHHEJE LIAXThl U
MONEPEYHOro0  JIBKEHUI0  (pOHTa IUIAMEHM U [OPAXKAIOUIMX  DJIEMEHTOB,  B3PBIBY
MIUPOTEXHUUYECKOTO COCTaBa, PACIBUIAIOIIEMY BOLY, U co3atonieMy 80 MM IO TOJIIMHE BOASHON
cyaTtad. JlaHHBIM SKCHEPUMEHT BOCHPOM3BOAWIICA B OONbIION eMKocTH (0OOouke), B KOTOpPOM
CO3/1aBAJIUCH JIBA IEPEKPECTHBIX B3PbIBA.

CTrouT OTMETUTh, YTO WLUCTEpHA HAIOJHAJIACh BOJON MOBBIILIEHHOW IJOTHOCTH, IIyTEM
Jno0aBJIeHUsT M PACTBOpPEHHs B HEil MoBapeHHOM cosid. [[ng dero mpoBenu JOMOJIHUTENbHBIE
HCCIIEIOBaHMSI, IPSMBIM BBICTPEIOM U3 MOPTUPBI IO CTEAPUHOBOM MUIIEHH.

PI/IcyHOK 1— Mumenu mocie BBICTPCJIOB C HaCTUYHBIM U NOJIHBIM IIPOHUKHOBCHUEM

UHCTUTYT Npo6JIeM TOpEeHUS

91



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanvikapaavlk cuMno3uyMol
«DU3UKA )KOHE XUMHA KOMIPTEKTI J)KOHE HAHOSHEPI'ETHKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DU3HUKA H XUMHA YTJIEPO/IHBIX H HAHOSHEPTETUYECKHUX MATEPHAJ/IOB»

3aLHTHBIT YKPAaH, MM
6

Ty Grea

I'paduk 1— DhdexTHBHOCTD 3aIIMTHOTO BOIHOTO SKpaHa

FALITHENT YK PAH I3 BOJLIHA CBIEHHON TTOE A € HHO
COJILI0, MM

Ty GriHn
[P OHHIKHOB
eHIA

! | mopamarong

1 2 3 4 5 6 7 8

I'paduk 2— DheKKTHBHOCTH 3aMUTHOTO YKpaHa C MOBAPEHHOI coibio 25%.

Kak Buano u3 rpadukoB, BoJa C PAaCTBOPEHHON MOBApEHHOW CONBI0O WMEET OOJNBIIYIO
IUIOTHOCTh, M COOTBETCTBEHHO 00JIce BRICOKHE 3alllUTHLIEC CBOMCTBA.

1. 3 MopTupsl 3apsHKEHHOM MOPOXOM M TMOPAKAIOIUMHU dlIeMEHTaMH(KapTedb, IpoOb,
FBOSI[I/I) HpOI/ISBOI[I/IJ'ICﬂ BI)ICTpeJ'I, I/IHI/IHI/II/IpOBaHI/Ie HpOI/I3BOJII/IJ'IOCI) C IIOMOIIIBHO OXOTHI/I‘{Beﬁ
CIHUYKH, B HAIIPABJICHUH IIapUKa C Ta30BOI MPOMaHOBO-O0yTaHOBOM CMECHIO.

PI/IcyHOK 2— MopTHpa C IMOpaKaromMH 3JIEMCHTAMHU

2. Tlonepek ABMKEHHUIO (PpOHTA MJIAMEHH MPOU3BOAUIICS BTOPOM BBICTpEN U3 LIUCTEPHBI C
BOJIOM, M C TMOMEIIEHHBIM B BOJOYCTOHYMBYIO OOOJOYKY MHUPOTEXHUYECKHM COCTaBOM, KOTOPBIH
VHHULIMMPOBAJICS  IOCPEJICTBOM  DJIEKTPUYECKOro TOKa. BojasHas nucrepHa ¢ paclbUIUTENEM
pa0oTana TO NPUHLIMITY BOJISHOW MYIIKH, TA€ JAaBICHHE CO37aBajl B3PbIB MUPOTEXHHUYECKOTO
COTaBa.
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Pucynok 3— BonsiHas mucTepHa ¥ pacibLIUTENb

3. [Mopaxkaromue 3JEMEHThI M PACKaJICHHBIC YACTHIIBI B PE3yJIbTaTe BBICTPEIIA JOJDKHBI ObLTH
B30pBaTh IIAPHUK, a CO3JAaHHBIA BOJISHON 3aCIIOH JIOJDKEH OBUT MPEIOTBPATUTH PACIPOCTPAHCHUE
wiaMeHH. BBIOpOC BOJBI MPOUCXOAMI Yepe3 CIelUaIbHbIC OTBEPCTHS (PACHBLINTEIIA WM COILIA,
muamerpom 50, 60, 70, 80 mm), TakuMm oOpa3oM cCoO3/JaBajiach BOJSHAas 3aBeca IOBBINICHHON
IUIOTHOCTH. MOpPTHpA ¢ MOPAKAIOIIUMH dJIEMESHTAMH KMHUTHPOBAJIa B3PhIB I'a30BOM CMECH B IIIAXTE
U JalibHEHIIIee pacrpocTpaHeHue (ppoHTa IIIAMEHH B HAIIPABJICHUH IIIAPUKA C TA30M.

\

”

EpEpEREREpEpEREpEpEpEpERERERERE RN}

1 — MopTHpa ¢ TOPOXOBBIM 3apsIJIOM M OPAXKAIOIMUMH 3JIEMEHTaMH, 2 — HallpaBJIeHHe PPOHTA INIaMEHH U
pacKaJIeHHbIX YaCTHII, 3 — BOASHON 3acioH quaMerpoM 80 MM, 4 — pesepByap ¢ BOAOH U PAaCHBIINTENb,
5 — MIUPOTEXHUUYECKHUH COCTaB, 6 — MAapHK ¢ Ta30BON MPOMAaHOBO-0yTaHOBOI CMECHIO.

Pucynox 4 — IlepekpecTHbIe B3pHIBBI

N3 mopTupel NpOU3BOAWICS BBICTPENI B HAIPABICHUU IIApHUKA, IONEPEK INPOU3BOJIUIICS
BBICTpE M3 BOJSHOM mymKku. TonmuMHa CTpyH BOABI (BOASHOIO CyJiTaHa) IEpe] HIapuKoM
Mmensiach oT 20MM g0 80 MM. B cinydae ecim muiams BBICTpena NpoOWBaio BOJHBIN 3aCIOH,
MIPOMCXOAWJI pPa3pblB IIApUKA K BOCIUIAMEHEHHE Ta30BOM cMmecu. Eciam ke TosIMHA BOJBI
OKa3bIBaIACh JOCTATOYHOM, TO IIAPUK OCTABAJCS LENbIM. Takum oOpa3zom, ObulO mpoBeneHo 14
AKCIIEPUMEHTOB, C JIByMs BOJIHBIMH cocTaBaMu. Pe3ysbTaTsl cBeieHb!I B Ta0IHILy No2.

3akiroueHue

Takum oOpa3oMm, B pe3yibTaTe »SKCICPUMEHTOB YCTAaHOBIEHO HauOonee 3PQPEeKTUBHO
WCIIOB30BaHUE BOJBI TOBBIIIEHHOW TUIOTHOCTH ¢ 25% conmepkaHWEM TIMOBApEHHON COJIH.
OnTUManbHBIM MHUPOTEXHUYECKUM COCTABOM SBJISIETCS CMECh C COJEpKaHHEeM KOMIIOHEHTOB
ammuauHas cenurpa — 50%, bezapimMublil mopox — 45%, Mg — 3%, Hanoamtomunuii — 2%, KoTOpbIi
poOUBaj MUIIEHb HAa TIyOUHY 110 6,5 MM, ipu ToIIIMHE 3aciaoHa SOMM. BonsiHas myIika ¢ coruiom
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nuamerpoM 80MM, TMO3BOJISIET JIOKAJIM30BAaTh paclpocTpaHeHue ¢GpoHTa IJIaMEHH, MO3TOMY
HCIOJIb30BAaHNE METOJa JIOKAJIM3alMK B3pbIBA C IOMOIIbIO CO3JAaHMS BOJSHOIO 3aciiOHa BEChbMa
3¢ (HEeKTUBHO U MOXKET OBITH IPUMEHEHO MOCTIE MPOBEICHUS MOJUTOHHBIX UCTIHITAHUI.

Ta6Jmua 2 — 3aBUCUMOCTh HpO6I/IBaHI/I${ BOJIHOI'O 34CJIOHA OT HIMPHHBI COILNIa U IIJIOTHOCTHU BOJIbI

Ne | [lupuna comna BonsgHoi nymiku, MM | Boma | Boman 25% NaCl
20 + +

30
40
50
60
70
80 - -

=+
+
+

+ |+ + ]+

N[Ol WIN| -

Jlureparypa

1. banraiituc B.fI. K Bompocy 0 CKOpOCTM M pAaclpOCTpaHEHHHM TOXapa B TOPHBIX
BbIpaboTKax. - besonacHOCTh Tpyna B mpoMbInuieHHOCTH, 1964, Ne 12, ¢. 18-19.

2. Jleskun H.b. IIpenoTBpaienue aBapuii ¥ TpaBMaTU3Ma B YrOJbHBIX IIaXTaxX YKpawHbI. —
Makxkeeska: MaxkHWMH, 2002. — 392 c.

3. http://miningwiki.ru

e —
WHcTUTYT Npo6JieM ropeHust

94



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanblKapaavlk cuMno3uymbl
«DU3UKA KOHE XUMHA KOMIPTEKTI 2KOHE HAHOSHEPI'ETUKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DPU3UKA H XUMHA YTJ/IEPOJHBIX U HAHOSHEPI'ETUYECKUX MATEPHUAJ/IOB»

SYNTHESIS OF WS2 CRYSTALS BY THE CHEMICAL VAPOR DEPOSITION (CVD)
METHOD ON A SIO2 SUBSTRATE

Renat Beissenov!22, Altynay Shaikenoval?, Dauren Muratov?, Z.A. Mansurove,
Sathayev University, 22a Satpayev St., Almaty 050013, Kazakhstan
2LLP «Institute of Physics and Technology», 11 Ibragimov St., Almaty 050032, Kazakhstan
RSE on PVC dInstitute of Combustion Problems», Bogenbai batyr st. 172
altynay.shaikenova@mail.ru

The synthesis and characterization of WS, single crystals grown by chemical vapor deposition (CVD) method thru
sulfurization of tungsten oxide thin layer on quartz substrate studied. Synthesis of WS carried out at 800-1000 °C in
CVD system. The sulphur vapor transported by argon gas (500 sccm). Obtained WS, single crystals characterized by
optical microscope, Raman spectroscopy and photoluminescence analysis. Optical microscope analysis demonstrated
that triangular WS, domains with single-phase crystal structure formed. The thickness of WS, is 6 layers, which
determined by Raman spectroscopy. Photoluminescence spectroscopy analysis revealed a strong peak between 600-660
nm, typically for a monolayer WS; crystal, where the band gap is equal to 1.96 eV.

1. Introduction

Two-dimensional (2D) materials have significantly different electronic and physical
properties than bulk materials, due to electron localization and lack of interlayer interaction, see
Figure 1. Optical and physical properties of monolayers of transition metal dichalcogenides (TMDs)
have new possibilities for nanoelectronic and optoelectronic devices. Two-dimensional (2D)
materials are quite interesting for the manufacture of photosensitive devices, such as photodetectors,
multifunction memory devices. In addition, the hybridization of WS, layers with other two-
dimensional (2D) layered materials intensively studied for fabricating vertical and planar
heterostructures. Recently, the synthesis of laminates MoS, and WS studied in several approaches,
such as mechanical exfoliation, liquid exfoliation and sulfurization of transition metals and oxides
of these metals. The CVD method can be more promising for growing a high-quality WS, thin

sheet.
X
: —‘ -~ - :‘A.T_ mono A\_\ cr
% \Y‘% _
\

\ bilayer
weak interlayer bonds covalent bond

A A2 AL

monolayer

Figure 2. 2-D transition metal dichalcogenides structure

New 2D optoelectronic devices created by integrating various 2D materials into
heterostructures with unique characteristics. However, the synthesis of graphene and related 2D
materials and heterostructures remains a problem; therefore, the development of new methods is a
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quite interesting area of research. Chemical vapor deposition (CVD) recognized as the most
effective method for the synthesis of graphene and many other 2D materials.

2. Experimental section
A detailed study of the growth of individual grains of WS, carried out in this CVD system. A
quartz substrate with a small amount of nanosized WO3 powder used. The temperature of WOs3

powder is 900 °C and supplying inert gas flow with the sulfur vapor through the powder surface,
sublimated WS droplets formed on the quartz substrate. (Figure 3).

Heat zones
i N B H B
Salfwr Ar
nano WO WS: layers
—— ]
= Substrate
e — e
130 °C 200 °C 700 °C

Figure 3. Synthesis of 2-D TMD layers

3. Results and discussion
There is a high-resolution optical microscopy analysis in Figure 4 shows the formation of a
two-dimensional layer of a separate domain WS,. In the middle of the crystal, a sublimated WS;

nucleus distinctly observed, which reacts with tungsten and sulphur oxide pairs to form oriented
layers of a two-dimensional material.

oW
» .°

Figure 4. Optical microscope pictures of WS2 grains

Raman spectroscopy of a grown single crystal of a WS crystal studied using a laser with a
wavelength of 514 nm. The choice of the laser length in this wavelength range is due to a more
detailed and informative parameter for determining the thickness of the obtained layers compared to
other lasers. An analysis of the intensity of the phonon peaks presupposes the formation of a
thickness of the region of the contour of the WS; crystal in 6 layers.
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Figure 5. Raman spectroscopy of WS crystal

Figure 6 shows the photoluminescence spectrum of WS, grains. The photoluminescence
spectrum of a separately synthesized WS, crystal showed a band gap value of 1.92 eV in the wave
band of 600-660 nm.

4. Conclusions

Obtained WS, single crystals characterized by optical microscope, Raman and
photoluminescence analysis. Optical microscope analysis demonstrated that triangular WS>
domains with single-phase crystal structure formed. The thickness of WS, is 6 layers, which
determined by Raman spectroscopy. Photoluminescence spectroscopy analysis revealed a strong
peak between 600-660 nm, typically for a monolayer WS> crystal, where the band gap is equal to
1.96 eV.

In further study will develop hybrid multilayer heterostructures based on graphene, 2D-TMD
layers, and nanoparticles, which will deposited or grown on graphene layers using various
techniques for further investigation of their electrical and optical characteristics.

Intensity (Counts)

Wavelength (nm)

Figure 6. Photoluminescence spectrum for produced WS single crystals.
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HNCCIEJOBAHUE ®OPMUPOBAHUA IIOPUCTOI'O AHOJA JJIsA IPUMEHEHUS B
TBEPJOOKCHUJAHBIX TOIIJIMBHbBIX 3JIEMEHTAX

Ymupsakos A.I'., beiicenos P.E., Mepexe A.JL.

TOO «DU3MKO-TeXHHIECKHI HHCTUTYT», AnMaTel, Pecy6nnka Kasaxcran, arman_umirzakov@mail.ru

HccnenoBatHa METOMKA TOPSYEro MPECCOBAHMS IS TIOJNyYSHHUS MOPHUCTOrO HUKEIEBOrO aHO/A JJISl MCIONIb30BAHUS B
TBEPIOOKCHUAHBIX TOINMUBHBIX aneMeHTax (TOTD). [IpuBomarcs MeTOHOJOTHYECKHE MOAPOOHOCTH M Pe3yJbTaThI
HcciegoBanus morydeHHbIX anonos (COM, ACM, EDX). UccnenoBanus moka3anu obpa3oBaHue 00bEMHON MOPUCTOM

CTPYKTYPBI.

Ilopucras  aHogHasT  MHUKPOCTPYKTypa  MIpaeT  BaXHYH  pPOJIb B IOBBIILIEHUU
npousBoautensHocTd TOTD. [lns reHepupoBaHus BHICOKOW IUIOTHOCTH MOITHOCTH, HEOOXOIMMO
IOJyYUTh BBICOKOIIOPUCTBIA aHOJA C pa3MepaMu MOp OJU3KUX K HAaHOYPOBHIO, YTO OOECHEeYUT
MaKCHMaJIbHOE KOJUYECTBO YUACTKOB AICKTPOXUMHUYECKON peakiuu u oosierdut quddy3uro raza K
JNIEKTPOJINTY.

Hayunas pabora HampaBieHa Ha pEUICHHE AaKTyaJbHEHIIeH MpoOJieMbl 1O CHUKEHUIO
pabouux TemIeparyp TBEPIOOKCUAHBIX TOIIUBHBIX 351eMeHTOB ¢ 850 — 1000 °C mo 400 — 550 °C,
YTO JOCTMKMUMO IyTEM YMEHBIICHHUsS] TOJIIMHBI HANbUIIEMOrO HAa IOPUCTBIH  aHOJ
AJIEKTPOJIUTUYECKOTO CJIOSI 0 MUKPOHHOTO ypoBHs. [Ipu 3TOM aHOJ J0ikeH o0najgaTh BBICOKOH
KaTAIATHYECKOW aKTUBHOCTBIO U PA3BUTON ITIOPUCTON CTPYKTYpPOH.

B pabore ucnonp3oBamuchk nopomku kommaHuu Aldrich Chemistry uucrotoit 99.99%.
VYuurteiBas napaMeTpsl mpecc-popMbl TOpsSYEro npecca, a Takxke aepkareis MuiieHn kamepst MJITH,
MIPOBOJIMIIACH MPOOONOATOTOBKA HUKESI U IOPUCTOTO areHTa.

l'opsiuee mnpeccoBaHMe — OJHOBPEMEHHOE NPUMEHEHHE BBICOKOM TemmepaTypel |
C)KMMAIOILIETO HAmpsKeHUsi, 4ToObl OOBEIUHUTH MEJIKO3EPHHUCTHIE IMOPOIIKHM B YaCTHUYHO WIIHU
MOJIHOCTBIO CIICUEHHBIE CTPYKTYPHI [1].

Pucynok 1 — [ToBepXxHOCTh 00pa3iia Mo i MUKPOCKOIIOM TOCTIE OTXKHIa
(a — coorHomenue 75/25; 6 — coornomenue 60/40)

N3menpueHHass cMeCh MOPOIITKOB MIOMEIIAETCS B TIpecc-popMy, 3aTeM B KaMepy ISl TOPSIEero
MIPECCOBaHUs, T/I€ MPOUCXOIUT OTKAYMBAHUE KaMephl 10 BaKyyma 106 Topp., oOpa3el; UCIBITHIBACT
nasierre 10 2000 TOHH Ha CMX. Harpes ocymiectpisuics B 3 sTamna:

WHcTUTYT Npo6JieM ropeHust

99



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanulkapanblk cUMNO3uyMbl
«PU3NUKA )KOHE XUMHA KOMIPTEKTI )KOHE HAHOSHEPI'ETHKAJ/IbIK MATEPHAJI/JAP»
X MescdyHapodHhblii Cumnosuym
«PU3UKA H XUMHUA YT/IEPOJHBIX  HAHOOHEPITETHYECKUX MATEPHAJ/IOB»

1 —narpes 110 900 °C co ckopocThio 25 rpasycoB B MUHYTY (Bcero 36 MUHYT);
2 — ynepxanue temiepatypbl 900 °C (B Teuenue 60 MHHYT);

3 — oxnaxzaenue 5 °C B cekyHAY (10 KOMHATHOI TeMIlepaTypsbl).
Kpome  xopomield  KaraqUTHYeCKOH  aKTUBHOCTH, HUKENTh  OONagaeT  BBICOKOH

MHUKPOTBEPJOCTBIO U YCTOWYMBOCTBIO K KOPPO3UH, HU3KOW TEIIONPOBOAHOCTBIO U XMMHUYECKOH
CTaOMIIBHOCTBIO TIPY BBICOKHX TeMIlepaTypax [2].

Ha pucynke 1 mpexacraBieHbl MuKpodoTorpadusi MOBEPXHOCTH MOPUCTOrO aHOJAa IOCIie
ropsiuero IpeccoBaHusl ¢ Pa3IM4YHBIMUA COOTHOLIEHUSAMHU nopowkoB. EDX aHanu3 nocie ropsidaero
npeccoBaHus (PUCYHOK 2) MOKa3bIBal Ha YCHEIIHbII MPOLEcc OTKUra U (OPMUPOBAHUS TOPUCTON
cTpyKTypbl, comepxkanue Ni 98% ykaspiBaeT Ha OTCYTCTBHE IIOPHUCTOrO areHTa B CTPYKTYpe

oOpa3zia.
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Pucynok 3 — uzobpaxenns COM H3rOTOBIEHHOTO OPHCTOTO HUKEJIEBOTO aHOA.

COM wu300pakeHHs YeTKO MOKA3bIBAIOT MOBEPXHOCTHYIO U OOBEMHYIO MIOPUCTYIO CTPYKTYPY
aHoma ¢ pazmepamu mmop 100 am - 1 Mxm. KpymHbie MOpBI MO3BOJISIFOT TOTUTMBY JIETKO JOCTHTATh

uHTepdeiica aHO/>EKTPOIIUT.
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Jlyis BBIpaBHUBAHUSI MOBEPXHOCTHOTO PACHpEENICHUs IOpP, MPOBOIWIM JOHNOJHUTEIbHYIO
00pabOTKy MOBEPXHOCTH HHUKEIS JUIsl TOJYYCHHS HE TOJBKO IUIOCKOH TMOBEPXHOCTH, HO U
MMOBEPXHOCTHU ¢ HEOOJMbIUMHU TTopamu (pazmep <500 HM) (puUCyHOK. 4a, 0), TaK 4TO MOKHO OBLJIO ObI
OCAJIUTh HEMPEPHIBHBIA TOHKOIUICHOYHBIM JJIEKTPOIUT U U30€kKaTh KaK Tra30BOM yTEUKH, TaK U
JNOOUTHCS DIIEKTPUUECKON T'epMETHYHOCTH. [Jajgkas MOBEPXHOCTh HM3TOTOBIEHHOTO HHUKEJIEBOTO
aHO/a TO3BOJUT OCAXKIATh TJAAKYI0 HEMPEPHIBHYIO IUICHKY C JAHOKCHUIAOM UHUPKOHUSA
CTAOWIIM3UPOBAHHYIO OKCHUAOM HUTTpUs (YSZ) TONIIMHOW 3 MKM, YTO MPEICTaBIseT COOOW He
TOJIBKO CJIOM DIIEKTPOJIUTA, HO U CIIOU KOTOPBIN A(P(HEKTUBHO OJIOKUPYET BOJOPOJI OT KaToja.

Meton wumnynscHoro sazepHoro HanbuieHus (MJIH) sBasercs omuum u3 Hauboiee
MOAXOSAIIMX METOJIOB HANbUICHUS TOHKUX IUICHOK C TOYKHU 3pEHUs CTaOWMIILHOCTH IIpoliecca,
BO3MO>XHOCTH HE3aBHUCHUMOI'O PETyJIUPOBaHUs OCHOBHBIX IMApaMETPOB MPOIIECcCa HAMBUICHUS, U KaK
pe3yNbTaT, TOJYy4YeHHE OJHOPOJHBIX TMOKPBITUH C HEOOXOAMMBIMH  CTPYKTYPHBIMH H
HKCIUTYyaTAIMOHHBIMU XapaKTePUCTHKAMHU, a TaKKe BO3MOXKHOCTH 0O0pabOTKHM MOBEPXHOCTEH ¢
Oonpirel miomaapo. DkcuMepHbid nazep KrF mmunoit 248 uM mpu 7 T'm uw 380 m/lx Obin
WCIOJIb30BaH JJISi OCAXJACHUS CJOS DJIEKTPOJIUTA HA MOBEPXHOCTh MOPUCTOIO HUKEIEBOTO aHOJa
[2]. B aT0if paboTe IMIIOTHBIN CIIOH 3JeKTpoiauTa Y SZ (TONIIUHON OKOJIO 1-2 MKM) ocakaaycs mpu
150 mTopp u 650 °C B armocdepe 96% aprona, 4% Bomopona, 4TOObl H30EKATh OKHCICHUS
HUKEJIS.

[ToBepxHocTHBIE U nonepedrble COM n300paskeHus ObUIM BBIOJHEHBI JJI1 U3TOTOBJIEHHOTO
MMOPUCTOI0 HHUKEJIEBOIO aHoAa ITOCIe HMITYJIBCHOTO JIa3epHOro ocaxacHus (puc. Sa, 0). U3
M300paXeH ocaxkIeHHOro TOHKOTO (0,5-3 MKM), MIaJKOT0 U HE COAEPIKAIIErO MOPHI SJIEKTPOIUTA
BHUJIHO OTCYTCTBHUE TPEIINH, HE TomycKaomux auddy3uto, Kak TOTUTHBA, TaK U BO3yXa.

YSZ

(@) (6)

PI/ICyHOK 5-CbM I/I306pa>KeHI/IH TIIOPUCTOT'0 aHOJa U DJICKTPOJIHUTA: a) MONEepeYHOEC CCUCHUE aHOJa TOCJIE OCAKIACHUA
JJICKTPOJINTA, 6) MOBEPXHOCTDH JJICKTPOJIMTA MMOCIIC OCAKACHUSA.

3akiroueHue

[TopucTelii aHOJ OBLT IMOJIYy4EH METOAOM TOpSYEro IMPECCOBAHMS IMOPOIIKOB HUKEIS M
nopucroro areura. Pazmep nop B npenenax 100 go 500 um, uro no3poaser Hz nmpoxoauts vepes
aHox K cioro anekrponuTta YSZ. ToHkui ciol snektponuta YSZ pachbuisieTcs: UMIYJIbCHBIM
Ja3epHbIM OcaxAeHUEM. bbuin nomyueHsl pe3ynapraTsl aHanu3a SEM u EDS. Ananu3 nokassiBaer
ocaxaeHue ToHkoro (0,5-3 MKM), TTIaAKOTO U HE COAEpIKAILEro MOpbl JIEKTPOIUTA, KOTOPHIH He
no3BoJUT Tuddy3uI0 Kak TOIUIMBA, Tak M Bo3ayxa. AHanu3z EDS mnokasbiBaeT mHpaBUIbHOE
COOTHOIIIEHUE MaTepuana nocie omkura B mneun npu 800 °C, Hamuuume KHUCIOpoAa U3-3a
B3aUMOJCUCTBUH ITOCIIE BBITPY3KHU U3 IIEUU.
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O MOJIEJISIX KOJJbMATAIIMOHHO-CY®®0O3MNOHHON ®UJIHTPAIIIN
JAUCIIEPCHbBIX CUCTEM

b.C.Xam3una, b.A. Baiikagamon
KasHY um. anp-®@apabu 71, Anmatsl, Kazaxcran
sapi.bolash@gmail.com

AHHoTauus. B pabore Ha OCHOBE M3BECTHBIX JINTEPATYPHBIX NCTOYHHKOB MPUBOAATCS OOIINE CBEICHUS O
KOJIbMATaIMOHHO-Cy (P O3UOHHON (HMIbTpAIiK. 3aTeM IaeTcs KPaTKUH aHAIU3 MOJIENel KOJIbMAaTAI[OHHO-
cybdosnonHor uabTpaluM W METOOB WX peanu3anmu. B oTaenbHOM maparpad)e  BBIBEIACHBI
muddepeHInanbHble TPUONMKEHUST TIPU PEIICHUH 33/1a4 KOJIbMaTallMOHHO-CY()()O3UOHHON (QuibTpanun
KOHEYHO-Pa3HOCTHBIM METOJIOM.

KoabMmaraunonno-cypdosunonnas puabrpanus

IIpu ¢dunbpTpanum XUIKOCTH, COAEpKaIleld TBEpJble B3BELICHHbIE YACTULbI, MPOMCXOIUT
M3MEHEHHE OCHOBHBIX (PU3MYECKHUX CBOMCTB MOPHUCTOH Cpeapl — MOPUCTOCTH, MPOHHIIAEMOCTH,
00beMHOro Beca U Jip. Takue U3MEeHEeHUs Ha3bIBalOTCs (PUIBTPALIMOHHBIMU Ae(popMalusiMu IpyHTa
K ¢unprpannonssM negopmanusM OTHOCATCS 3aWIMBaHHME WIIM KOJIbMATalUs TPYHTA, BBIHOC
MEJKUX YacTUL] M3 IOPUCTOW cpenbl M Ap. . Pa3nuuaroT paBHOMEpPHYIO M HEPAaBHOMEPHYIO
bunbTpanmonneie  nedopmanuu.  Ilog  paBHOMEpHOW — QWIBTpalMOHHOW  JedopMariueit
noJipa3yMeBaeTcsl Takas Jedopmalus, B KOTOpoi momnepeyHoe cedenue guiabtpa [12] usmensercs
TOJIbKO BO BPEMEHH, HO HE HM3MEHATCA MO KoopauHaTe/. B HepaBHOMEpHOW (puIbTpanroHHON
nedopmaiuy nonepevyHoe ceueHue GUIbTpalMyu U3MEHsEeTCs Kak BO BPEMEHH, Tak U Mo AJuHe. B
KAauecTBE paBHOMEPHON (uiIbTpauMoHHOW aAepopMalii MOKHO CUUTaTh Cilydall «4ucToi»
cyd¢do3un, Koraa 1o AJUHE MOPOBOro KaHaja paBHOMEPHO CPHIBAIOTCS MEJKHE YaCTHUIIbl, KOTOpbIE
00JIbIlIE HE OCAXKJAIOTCS, @ BBIHOCATCS (PUIBTPALIMOHHBIM ITOTOKOM 34 MPEAEIbl pacCCMaTPUBAEMOT0
y4yacTka nopuctoit cpezpl [2]. Kak npumep HepaBHOMEpHOH GpUIbTpaliMOHHON AedopMaiii MOXKET
CIly)KMThb ciy4dall cypQo3um, Korga MeEJIKHE YacTHI[ CpBIBAIOTCS M OCAaXAAIOTCS B IpoLecce
GUIbTpalluu U CTENEHb 3aIOJHEHUS MOPOBOIr0 KaHajla M3MEHSEeTCs Kak BO BPEMEHM, TaK U IO
KOOpJUHATe

Juddepenunanbable  NpUOJMKeHHUS] JJs1  3a4a4  KOJbMaTalMOHHO-cy(¢o3nOHHOMH
puabTpanumn

3necr moctpouM auddepeHIuanbHble  TPUOMMKEHUS Ui 3aad  KOJbMAaTallMOHHO-
cy(hho3uoHHOM PUIBTpaLUK.

Paccmotpum nepoe nuddepennmanbHoe NpUOIHKEHHE ISl CHCTEMBI

88_( _g)w _@g‘]’ (1)
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VpaBuenue (1.4.6) sBnserca mnepBbM U GEpEeHIHATBHBIM TPUOIMKEHUEM Pa3HOCTHOU
CXEMBI MEPBOro Mopsaka oTHocuTeabHO 7 U h cuctemsl (1.4.1). Kak BUAHO M3 3TOr0 ypaBHEHHS,
nepBoe auddepeHnnanbHOe MNPUOIMKEHHE SBISIOTCS TOpa3io  CIOXKHBIM ypaBHEHUEM 10
CPaBHEHHIO C UCXOAHBIM. [109TOMY MOXHO CENaTh BBIBOJ, YTO yIy4IIEHHE CBOMCTB Pa3sHOCTHOM
CXEMBI JIOCTUTAeTCsl OYEHb JOPOroil EHON M, €CTeCTBEHHO, uccieaoBanue 3aaaun (1.4.6.), (1.4.7)
BMECTO MCXOTHOM SBJISIETCS HEPALIMOHAIILHBIM.

B kauectBe apyroro, 6oJiee mprueMIeMoro BapuaHTa MO>KHO paCCMOTPETh ypaBHEHHE

S22 === +D= (8)

rae D - mansiii mapamerp.

JloOaBneHublii wieH B (8) oOecrmeuyMBaeT AWMCCHIIATHBHBIA XapakTep peIleHHs, T.c.
perynspusyeT pazHOCTHYI0 cxemy. CTemneHpb peryisipu3alnuu 3aBUCHT OoT 3HaueHus D. Ilpu ouens
Oonpmmx D HM3KOYACTOTHBIE COCTABIISIOIINE PELICHUS MOTYT OBITH MOJABICHBI, a P CIIUIIKOM
mMasiom D addexr perymspusanmm mMoxker ObITh HemocTaToyHbIM. [lodTOMY ero 3HaueHme
noJ0upaeTcss Ha OCHOBE BBIUMCIHMTENBHBIX JKCIEPUMEHTOB. [lpm 5TOM pemieHne IOKHO
pearupoBath Ha u3mMeHenue D ciabo.
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SORPTION INTERACTIONS OF HEAVY METALS WITH BIOCHAR IN SOIL
REMEDIATION STUDIES

12Kerimkulova M.R., *Mansurov Z.A., *Kozybaeva F.E., ?Oshakbayeva Zh.O.,

!Kerimkulova A.R., 'Azat S.
Ynstitute of Combustion Problems, Almaty, Kazakhstan
2Kazakh national agrarian university, Almaty, Kazakhstan
3Kazakh Research Institute of Soil Science and Agrichemistry named for U.U.Uspanov, Almaty, Kazakhstan
E-mail: biomak111@mail.ru

Abstract. The article analyzes the accumulation of heavy metals - zinc and lead in soils, the zones of influence of the
emissions of the zinc plant in the city of Ridder, East Kazakhstan region (EKO). The possibility of adsorption of heavy
metals of zinc and lead in the soil with the help of biochar from rice husk is shown. Physicochemical characteristics of
the biochar and the elemental composition of the biochar and soil were studied.

Introduction

Protection of the environment from pollution in recent years is becoming more urgent against
the backdrop of increasing anthropogenic and technogenic burden. Due to such a load, various
pollutants can accumulate in the soil. The highest content in the soils of elements such as Zn, Cu,
Cr, Pb, they often exceed the MPC. Contaminated soil is the main source of danger, because using
soil resources, a person receives 90-95% of food products with which 70-90% of all toxins,
including heavy metals, can enter the body [1].

It should be noted that most of the loss of soils and their fertility is anthropogenic in nature,
that is, due to unreasonable, irrational human activities. The main sources of pollution of the soil
cover are the enterprises of non-ferrous metallurgy and mining complex, the agriculture sector [2].
The influence of heavy metals on the components of the ecological system is due to the interaction
with the components of the soil solution and the change in the soil-adsorbing complex; changes in
the structural state of soils, their density, humidity and, as a consequence, changes in
microbiological activity [3].

Therefore, it is necessary to develop a new soil conditioner in the form of biochar, which has
the characteristics of a strong reducing ability, high stability and environmental friendliness.
Biochar is a solid material obtained by thermochemical process of biomass under condition of
absence of oxygen (pyrolysis), which has good pore structure, large specific surface and various
surface oxygen-containing functional groups.

This excellent physicochemical characteristics of the biochar are useful for the adsorption and
immobilization of TM in the soil, therefore being a kind of soil conditioner with an excellent
prospect of application [4].

At the present time, numerous ways of isolating the biochar have been developed, allowing to
return to the natural circulation cleaned soil and reduce the amount of waste for utilization [5]. To
date, bio-coal is a fairly common and widely used adsorbent in many industries. Biochar are carbon
bodies with a porous structure, due to which, and its high sorption properties are provided - the
ability to absorb certain substances from liquids and gases. The more porous the structure of
biochar, the better its sorption properties [6].

Materials and methods
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The study subjects were chernozems leached contaminated with heavy metals from the
emissions of the zinc plant in Ridder, East Kazakhstan region. Biochar obtained by the
carbonization of rice husk. Determination of the specific surface by the method of Brunauer,
Emmett, and Taylor. Using a modern ED spectrometer of the JED-2300 EDS type from JEOL,
Japan, which is an additional device for the scanning electron microscope, the elemental
composition of the biochar and soil was determined.

Results and discussion

Emissions of the zinc plant adversely affect the environment. The soil cover is broken,
vegetation is destroyed. Figure 1 shows the scheme for obtaining biochar. To obtain biochar,
rice husk was used. Which is an annually renewable waste of plant origin. Which was
previously washed with water, and dried in an oven at a temperature of 120 © C. The dried rice
husk was carbonized in a laboratory carbonization reactor at a temperature of 650 ° C for an
hour in an inert atmosphere to the Ar stream.

Crop residues (rise
husk) washing ancd
drying 120°C

Pyrolysis
6507 C

IL

Biochar

Fig. 1 — Scheme obtaining biochar

After carbonization, the specific surface of the biochar on the Sorbometer-M analyzer was
determined. According to the data obtained on the Sorbtometer-M analyzer, the specific surface
area of the obtained biochar was 292.5 m?/g, the pore volume was 0.125 cm?®g. Extraneous
inclusions (plant residues, large mineral inclusions, etc.) were removed from the soil. The so
prepared soil had the following characteristics: pH 7.85; the humus content is 5.31 %; total nitrogen
0.120 %; mobile phosphorus (P20s) 35 mg/kg. Zinc 8804.84 mg/kg, lead 429.2 mg/kg, determined
by the value of clarke: zinc concentration - 100 mg/kg, lead - 30 mg/kg was determined in the soil.

After receiving the biochar, studies were carried out to determine the sorption capacity of
heavy soil metals. To determine the effectiveness of the biochar obtained by us, 0.5 % was added to
the soil; 1 %; 2% biochar, a control sample of soil without biochar was also prepared (Figure 2).

Spectral analysis of soils with a biochar polluted zinc plant showed that 2% of the biochar
reduces the zinc content in the soil from 3.38 % to 2.06 % (fig. 2 a, b, c, d, e.). The results showed
only sorbed zinc, but no sorption of lead was detected. Thus, spectral analysis has shown the
sorbing properties of biochar.
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Conclusions

In work, a biochar received of rice husk with a specific surface of 292.5 m?/g and with a total
pore volume of 0.125 cm®/g was obtained. The efficiency is shown of soil cleaning contaminated
with heavy metals like zinc and lead is shown. It was found that soil content of 2 % biochar reduces
zinc concentration in soil from 3.38 % to 2.06 % and improves soil fertility.
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AHHOTALIHA B nanHoi#l paboTe paccMaTpuBaeTCsi METOIUKA MONTYyYSHHUS! CBEPXTOHKUX (OTOKATAIUTHYECKUX aHOJOB
13 OMHApHBIX M CIOKHBIX OKCHIOB C HWCIIOJb30BAaHHEM IOPOOOPA3yIOLIEro areHTa. TpexmepHble MopHcThie (OTO-
aHOIBI OBUTH HM3TOTOBICHBI MyTEM CMEIIMBaHHS HaHOpa3MmepHbIXx mopomkoB C0304, u TiO2. CMech MOPOIIKOB
n3MeNnbyanuch B TedeHue 20 MHUH B LIapoBOi MenbHuUIE. M3MenpuyeHHas cMech IOPOIIKOB CMENIMBAJIAch B BOIHOM
pacTBOpe, B KOTOPOM OBbLI PacTBOPEH MPOMNAHT (IOpOOOpa3yIOLIMM areHTOM) CyOMHKPOHHOTO pa3Mepa (KOTOpPbIH
BO3TOHACTCS IPH HU3KHX TeMIlepaTypax). TOHKHE TOKPBITHS C Pa3sIMYHBIMU (POTOKATATUTHYECKHIMHU MaTepHaIaMu
HAHOCATCS HAa moBepxHOCTh Ni u ObICTpO criekaroT B TpybOuaToil meun npu temmeparype 900°C B TeueHue 2 4acoB B
atMoc(epe Bozayxa. MccnenoBanne MOpGOIOTHE TPEXMEPHOTO TOHKOIUIEHOYHOTO MOPHCTOro (poTo-aHoqa MeTogaMu
COM nokazano o0pa3oBaHHE MOPHUCTOI CTPYKTYPHI ¢ CYOMHKPOHHBIMH Pa3MepaMH TI0p.

BBUJ[EHUE

[locTosiHHOE yBEIMYEHHWE YUCIEHHOCTH HAceleHUss MUpa U CTaHAapToB o0pas3a >KU3HU
NPUBEIO K YBEIMUYEHHIO MoTpebieHus mupoBoi sHepruu [1]. Okomno 90% MupoBoil sHEprum,
M0JIy4aeMble HCKOIMAeMbIMHM BHJIaMU TOILIUBA, MUCIOJIb3YIOTCS B TPAHCHOPTHOM M MPOMBIIIJICHHON
OTpacisix, YTO MPUBOIAUT K BHICOKOW AMUCCUU NMAPHUKOBBIX ra30B, BKIIIOYAs YIJIEKUCIbBIN Ta3 [2,3]
YTO MPUBEJIO K CYHIECTBEHHOMY HCTOILIEHHUIO YIJIEPOJICOJIEPKALINX PECYPCOB, KOTOPHIE MOXKHO
ObUTO OBl MCIONB30BaTh MHBIM 00pa3oM K MpPHUMEpY, Uil MPOU3BOJACTBA IEHHBIX XMUMHUYECKUX
BemectB. B 2013 romy mupoBoe mnoTpebieHue sHeprum Obuio 17 TBT u, kak oxumaercs,
yBEJIIMYUTCS 1O KpaitHeil Mepe B 1Ba pasza k 2050 roay [4]. Pa3BuTHe YUCTBIX U BO3OOHOBISIEMBIX
HMCTOYHUKOB SHEPrUM HMMEET pellarollee 3HAa4eHHE JUIsl CMSITYeHMs] MOCIEICTBUN MOTpeOsIeHUs
HCKOIIAEMOr0 BHUJA TOIUIMBA, BKJIIOYas H3MEHEHHE KJIMMara, B KOHEYHOM HTOrE€ HCTOILECHHE
IHEPreTUYEeCKUX 3a1acoB, PHIHOYHON HEOIPECICHHOCTH U 3aBUCUMOCTH OT HeTH [5-7].

EcTp HECKONBbKO anbTepHATUBHBIX MCTOYHMKOB HEPrUU, BKJIIOYAsh BETEP, TeoTepMalbHas,
TUAPOIHEPTHUS, U COJTHEUHASI SHEPTHSI, KOTOPBIE SBIISIIOTCS OTHOCUTEIIBHO YUCTBIMH U YCTOMUUBBIMU
[0 CPaBHEHHUIO C MCKOMAEMbIM TOIUIMBOM, OJIHAKO, KaXIbli W3 HUX HMMEET HEKOTOPhIE
OTpaHUYEHUS], KOTOPbIE JAENAI0T 3Ty 3aMEHY CJI0KHOM 3a7aueil. DIeKTpoIHeprus, BelpadbaTbiBacMast
BETPSIHBIMU TypOMHaMU He XpaHUMas. [ MIpo’HEpreTHKa CTpajaeT OT CTPOUTENHCTBA TUIOTHUHBI
OTpaHWYCHUN W3-32 BBICOKOH CTOMMOCTH ¥ BO3MOXKHBIX HEOJArONPUATHBIX BO3JEHCTBHIA
OKpyKaroie cpene. ['eoTepmanbHas SHEpPrust SBISETCS HENPEPHIBHBIM HCTOUYHUKOM, KOTOPBIMA
OTpaHUYEH 10 BPEMEHHU KU3HHU M BIIOCIEICTBUM OyIeT JOPOTOCTOSIIINM B padote [8].

Byay4un HeorpaHUYEeHHBIM, BO3OOHOBIIIEMBIM M OECIUIATHBIM, COJIHEYHAsI DHEPTUsI CIIOCOOHA
MIPOU3BOJIUTH AJIEKTPUYECTBO WM TEIio Oe3 TpeOOBaHMU K HAIWYMIO TYpOMH M TEXHUYECKOMY
oOciy>kuBaHui0. Vcrnonb30BaHuE MOy4YacOBOTO COJHEYHOI'O M3JIyYEHHUs Ha MOBEPXHOCTH 3eMIIH
MOXET 00ecTeunTh dHeprueil Ha oauH rof [9]. OmHaKo, COTHEUHBIN CBET SBIISETCS MPEPHIBUCTHIM
HMCTOYHUKOM DSHEpPrUH, KOTOPBIA OTrpaHWYEH KOJWYECTBOM COJIHEYHOW paauallvM, U3-3a CBOEH
3aBUCUMOCTH OT reorpaduuecKkoro mojJoKeHus, THs, BpeMs, u ce30H [10,11]. Apyrum HEegocTaTKOM
COJIHEYHOM HEPTHUM SIBISICTCS HU3KAs IUIOTHOCTh HAa €IMHUIlYy moBepxHOCcTH 3emud [12]. Takum
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oOpa3om, pa3paboTKa HWCTOYHUKA OHEPrUU, KOTOPHIA SBISETCS COXPAaHAEMBbIM, YHUCTBIM,
HETPEPHIBHBIM U BO300HOBIISIEMBIM HCTOYHHMKOM, TpeOyeTCs AJs yIOBIETBOPEHHS TI00ATHHOTO
cupoca Ha d3Hepruto. OCHOBHBIE TNPEUMYIIECTBO Bojopoaa: (1) u300miIvs, TONYYCHHS U3
Pa3NIUYHBIX YCTOHYMBBIX MCTOYHHKOB (OMOMacca wiau Boja); (2) BBICOKME BbIXoX sHepruu; (3)
Oe3omaceH Il OKpykaromeh cpeasl U (4) BOBMOKHOCTh XpaHEHUsS, TAKUM 00pa3oM, €ro MOXKHO
CUMTATh UJCATHHON aJbTePHATUBOM HCKOMaeMoMy ToruuBy [13-15].

Oxcnepumenmanvhas 4acmo

JUis  monydyeHUsT  CBEPXTOHKHUX  (DOTOKATaNM3aTUYECKUX  AHOJOB  HCIOJIb30BAJUCh
HaHOpa3MepHbIe MOpoIKH YUcTOTOM 99.9% u mucnepcHocthio 50-70HM. Pacyer mopoiikoBoro
COCTaBa TMPOBOAMIOCH JUIA  MOJydeHHs crexuomerpuueckoro cocraBa (CoosoTios50)0s.
B3BemmBanue npoBOAMIIOCh HA aHAIMTHYECKUX BECAX BBICOKOW TOYHOCTH. llonmyueHHas HaBecka
MIpeIBApUTENIbHO CMEIIMBAlach, MPOMaiblBajJach B araroBOi CTyIKe. 3aTeéM CMECh MOPOIIKOB
CoTiO3 3ackinanach B MWIMHIPUIECKYIO €MKOCTh M3 KapOua Boib(paMa U 3arojHsIach HiapaMu
u3 Kapbuna Bonbppama ¢ nuamerpom Smm. Hunmunap w3 kapbuaa Bonbdpama ¢ mapamu u
MOPOILIKOM yCTaHaBiIMBajics B mmapoByto MenbHHIY «SPEX8000» c TaiiMepoMm wu3MeEIbYCHUS.
CMech TOpOLIKOB TpoManbiBaiach B TedeHne 20 MuHYT. l3MenbueHHas cMech MOPOIIKOB
CMEIIMBAJIaCh B BOJHOM pAacTBOPE C Pa3IMYHBIM KOJMYECTBOM IIPOMAHTa (IIOPOOOPa3YIOIIUM
areHToM), CyOMHUKPOHHOTO pa3Mmepa (KOTOpBIA McHapsercs MpH HU3KUX TeMmieparypax). ToHkue
MOKPBITHS C PA3IMYHBIMA (POTOKATATUTUYCCKUMH MaTepHallaMH HAaHOCATCS Ha MOBEPXHOCTh Ni
¢donbru (koTopas mpeiBapuTebHO Obllla OTYHUINEHA) U OBICTPO CIEKAIOT B BHICOKOTEMIIEpaTypHas 3
3oHHas neub SPX (I'epmanus) npu remneparype 900°C B TeueHue 2 4acoB B aTMocepe Bo3ayxa.

Pezynomamut u oo6cyscoenus

Tabmuma 1- ITapamerpsl moJydeHHUs] TOHKUX TUICHOK C J0OABJIEHHEM pa3IMYHOTO KOJUYECTBO
mpormnanTa (rmopooOpa3yroIero areHTa)

TiO2/C0304 33% 900°C/ 2uaca
2 Ti02/C0304 30% 900°C/24aca
3 Ti02/C0304 27% 900°C/24aca
4 Ti02/C0304 24% 900°C/24aca
5 Ti02/C0304 21% 900°C/24aca
6 TiO,/C0304 19% 900°C/24aca

Pesynbrartel aHammza, MOJYYEHHOTO TOHKOIUIEHOYHOTO (POTOKATAIIUTUYECKOTO aHoJa C
Pa3IMYHBIM  KOJUYECTBOM IOPOOOpa3yIOIIero areHTa B BOJHOM pPacTBOPE CKAHHPYIOIIAM
ANEKTPOHHBIM MUKpOcKonoMm kommanuu JSM-6490LA, JEOL.
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Pucynoxk 2-COM noBepXHOCTH HOPUCTOTO (POTOKATATUTHUECKOTO aHOAA C JOOABIEHHEM 1Tapo00pa3yIoIero
pearenTa Ha Ni momnoxke, a)33% u b)30%.

a) b)
Pucynok 3-COM moBepXHOCTH HOPUCTOrO (JOTOKATATUTUICCKOTO aHOa C 100aBICHHUEM AapO00OpPa3yIOIIEro
pearenta Ha Ni nomnoxxe, a)27% u b)24%.

. |

a) b)
Pucynok 4-COM noBepXHOCTH HOPUCTOTO (POTOKATAIUTUUECKOTO aHOA C JOOABJIEHHEM I1apooOpas3yIoIero
pearenTta Ha Ni nomoxkke, a)21% u b)19%.

N3 pucynkoB COM ObIIO 3aMedeHa YTO MOBEPXHOCTh Y OOpa3llOB OJHOPOJAHAs MOpHCTas
CTPYKTYpa C CPETHUM pa3MepoM Top 2MKM. A Takxke ObLIIO 3aMEYEHO YTO pa3Mephl TIOp Ha MPSMYIO
3aBUCHUT OT KOJIMUYECTBO JI00aBICHHOTO MOPOOOPA3yIOLIEro areHTa B BOJHBIN pacTBOP.

HccnenoBanne KpUCTAIUIMYECKOW PEMIETKH TPEXMEPHOTO TOHKOILICHOYHOTO TTOPHCTOTO
¢doro-aHOIAa METOJaMU  PEHTIeHOCTPYKTYpHOI'O  aHajlu3a IoKa3aja I[OJHOE HCIapeHHe
MOPOOOPa3yIOIIETo MaTepralia U3 MOJy4eHHOTO 00pasIoB.
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Pucynox 5-PeHTreHoCTpyKTYpHBIH aHaau3 (OTO-aHOIHOTO MaTepHala ¢ pa3IMYHbIM KOJIHMYECTBOM OPOOOpa3yeIIero
areHTa B BOJHOM PacTBOpE.

3AKJIFOYEHUE

B xoxe mpoBeneHust nutepaTrypHOoro o63opa Oblia pa3zpaboTaHa METOIWKA MOTyYEHHUS
CBCPXTOHKHUX q)OTOKaTaHI/ITI/I'-ICCKI/IX AHOIHBIX MaTCpHUaIOB U3 6I/IHapHI>IX " CJIOKHBIX OKCHJIOB ITpU
MIPOBEJICHUH MPOIlecca C UCTIOIb30BaHIEM MOPOOOPa3yIOIIEro areHTa.

bruta n0n06paHHa OINITUMAJIBHOC BpEMA HU3SMCIBYCHHUA W CMCHIMBAHHSA HAHOPA3SMEPHBIX
gactull Coz0s, u TiO2 11 mony4eHus TpeXMEPHOro MOPUCTOTO (POTO-aHOAHOTO MaTepHUaa.

bbuiM MOATOTOBIIEHBI BOAHBIE PAcTBOPBI C PA3IMYHBIM KOJIMYECTBOM IOPOOOPA3YIOLIETO
areHra JUisl JaJIbHEUIIero CMEIBaHus C CMECSIMU MTOPOLIKOB.

PazpabGorann meronnky HaHeceHHE CIOoeB (DOTO-aHOJAa HAa TMOBEPXHOCTh Ni MOJJIOXKKH C
JAbHEUIITNM CTIEKaHHEeM B TPyO4aToil meuwu.

UccnenoBanne Mop¢oJoruu TPEXMEPHOIO TOHKOIJIEHOYHOTO MOPUCTOro (oTo-aHOAaA
Metonamu COM mokasano oOpa3oBaHHe MOPUCTON CTPYKTYPBI ¢ CYOMUKPOHHBIMU pa3MepaMu Mop
3aBHCSILAs OT KOJIMYECTBO J100aBIsIEMOr0 B BOJHBIM pacTBOP MOPOOOPA3YIOLIETo areHTa.

UccnegoBanue KpUCTAIIIMYECKON PEMIETKH TPEXMEPHOTO TOHKOIUIEHOYHOTO IOPUCTOTO
¢doTo-aHOAa METOJAaMU  PEHTTEHOCTPYKTYPHOI'O — aHaju3a I[IoKa3aja T[I0JIHOE HCIapeHue
opooOpa3yrolero MaTepuana u3 MoJay4eHHOro 00pasIoB.
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PABPABOTKA MEJVIEHHOTI'OPAIINEI'O SBAME/VIMTEJIBHOI'O COCTABA

IIL.E. I'a6apamosa’, M.H. Tyxaenos?, }10.B.Ka3zakos', b. Daoyaau?
'Kazaxckuii HanyoHanbHbli yHHBEpCcUTeT MM. alb-Dapabu r.Anmarsl, 11p.an-Dapabu, 71
2Université De La Rochelle, Technoforum, 23 avenue Albert Einstein, BP 33060 — 17031, La Rochelle - France
esenjolovna_sh_@mail.ru

AHHOTanus. B nanHOW paboTe ObL1 pa3paboTaH MEIJICHHOTOPAILIMI 3aMEIIMTENBHBIM COCTaB Ha OCHOBE Xpomara
Oapust 1 auOOpHIa THTaHA cO CKOpocThio ropeHms 1,14-1,53 mwm/cek. [loka3aHo, YTO MpPH TOPEHHH STOTO COCTaBa
HaOMIOJaeTC  «CIIUpAIbHOE» W «0Oe3ra3oBoe» ToOpeHHe. bBpIIo HMccienoBaHO 3aKOHOMEPHOCTH TOPEHUS CMECH
BaCrO./TiB; B cpenie MHEPTHOTO Ta3a.

BBenenue

B Hacrosimmee Bpemsi MPOSBISETCS MOBBIIICHHBIA HWHTEpEC K  MEUICHHOTOPSIIUM
3aMCIJINTCIIBHBIM CMECAM, HGO6XOI[I/IMOCTI) CO3JaHusA TaKHX COCTaBOB, YCTOﬁqHBO pa60Ta10n1Hx B
repMETHU3UPOBAHHBIX YCTPOICTBaX, CBf3aHA, C OYEBUIHOW TEHACHIMEW K MHUHHUATIOPU3ALUU
3aMCIJIMTCIIBHBIX 3JICMCHTOB Pa3JIMYHBIX YCTpOﬁCTB. HI/IpOTeXHI/I‘-IeCKI/Ie 3aMCJINTCIIN SABJISSFOTCS
TEIUIOBHIMU MCTOYHUKAMHU M IIUPOKO HCIONB3YIOTCS B Ka4eCTBE MCTOYHMKA TeIlJia MPHU CBapKe U
HaﬁKC, KakK CpeacTBa JI MOBBINICHUS 0€e30I1aCHOCTH IMPOMBIINIJICHHBIX B3PLIBOB, B IPOMBIIIIJICHHBIX
CpeICTBaX HMHHUIMUPOBaHMS H T.0. WM c KaxapiM TogoM TpeOOBaHUS K MUPOTEXHUUYECKUM
3aMeNIUTENTFHBIM COCTaBaM CTAHOBSTCS Oojiee pa3sHOOOpa3sHee M ropas3fo CTPOXKEe, OCOOCHHO B
o0nacTu mupoaBTOMATUKU. ['abapuThl 3aMeITTUTENBHBIX YCTPOUCTB C MUPOTEXHUIECKUMHU CMECSIMU
CBSI3aHBl CO CKOPOCTHIO TOPEHUS 3aMEIMTEIHHOTO 3apsiia: 4eM HIKE CKOPOCTh TOPEHHs
3aMeIUTETFHOM CMECH, T€M MEHBIIE BBICOTA 3aMEJIMTENBHOTO 3apsga U TeM MHUHHUATIOpHEe
BPEMEHHOE yCTpOoucTBO [1].

I'epMeTn3anust ycTpaHsieT BIUSHUE BHEIIHETO /JaBIEHUS Ha CKOPOCTh U BpeMsi TOPEHUS
3aMeTUTENS M MIPEOXPAHSET €ro OT BO3ICHCTBHSI aTMOC(HEPHON BIAXKHOCTH, YTO HEOOXOAUMO IS
o0ecriedyeHrss BO3MOXHOCTH JUIMTEIBHOTO XpaHEHUs JTHUX YCTPOMcTB. ['epMeTnsnpoBaHHbBIC
MUPO3aAMEATIUTCIIN MOTYT CHApsAKaTbCAd TOJBKO MaJOra3oBbIMH 3aMCIJIMTCIIBHBIMU COCTaBaMM,
ropeHue KOTOPBIX MPOUCXOAUT O3 00pa3oBaHUs ra3000pa3HbIX MPOAYKTOB [2].

I'maBHast 3amaya pa3pabOTKH MEIICHHOTOPSIIIAX COCTaBOB, CHOCOOHBIX YCTOWYHBO TOPETH
IpPU yCIOBUH HEBO3MOXKHOCTH CBOOOJHOTO OTTOKAa OOPa3yIOIIUXCS Ta3000pa3HBIX MPOIYKTOB,
MHUHUMU3AUA KOJNYECTBA Ta30B, BBIACIAIOUNIUNXCA IIpH TOPCHUU. JIJ'ISI 3TOr0 B HaWOOJIBIIEH
CTETIEHHU B Ka4eCTBE TOPIOYHX MOIXOASAT UPKOHUN, TUTAH U OOPHUIBI 3TUX METAIJIOB, TOTOMY YTO
IpU UX OKUCIEHHWU ra3o00pa3Hble MPOAYKTHI HE 00pa3yloTcs. DTU TOpIOYHE MPU MOBBIILIEHHBIX
TeMIepaTypax MOTYT B3aMMOJICHCTBOBATh C PACIUIABOM OKuciuTenei [3-4].

Ienpro maHHOM pabOTHI SIBISIIOCH CO3/1aTh MEUICHHOTOPSIIIIMA COCTaB HAa OCHOBE AUOOpHIA
TUTAaHA M Xpomara Oapusi, UCCIIEOBaTh HEKOTOPHIE 3aKOHOMEPHOCTH TOPEHUS CMECH B cpelie
WHEPTHOTO Ta3a.

JKCNepUMEHTAIbHASA YaCTh

B paGore ucnonp3oBanuck B KadecTBe okucautens xpomar Oapus (TY 4211-75, 99,2%
BaCrO4) u B kauectBe roprouero gudopua turana (TY 113-07-11.040-89, 98% TiB>). B kauecTse
CBSI3YIOILIETO B MAJIbIX KOJIMYECTBAX UCIOJb30Basach quHuTpoleitono3a (TOCT 4976-83).
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Mertoarka NPUTOTOBIECHHS 3amemintenbHoro cocraBa BaCrOs/TiB, 3akmrouanacs B
cienyomeM: B3pemuBanue — Cyxoe cMelIMBaHUE OKUCIUTENS U roproyero — CMemmBaHue co
CBSI3YIOLIUM KoMIIOHeHTOM — [IpeccoBanue B ruapasnundeckoii mpeccpopme — Cymika.

Jlnst ompeneneHuss CKOPOCTH TOpEHHUs oOpasibl 3alpecCOBBHIBAINCH B IMJIMHAPHUECKON
npecchopme ¢ auamerpoM 10 MM u BbicoTol 8-10 MM C TMOMOIIBIO THIPABIMYECKOTO IIPECC
uncrpymenta YES Series Compression Testing Machine B HECKOIBKO 3ampeccOBOK s
JIOCTUKEHHSI PAaBHOMEPHOW IUIOTHOCTH 3apsjia NMpu MakcumaiabHOW HampsbkeHuu 6 Mlla. Tlocne
TIpeccoBaHUs 0Opa3Ibl CYIIMINCH HA BO3MyXe npH Temmeparype 25°C B Teyenue 12 yacos.

[Ipouecc ropenus oOpa3oB Kccie0BaICA B O0MOE MOCTOSHHOTO JaBieHus: o0beMoM 3,3 11,
B MHEPTHOH cpezie. DKCIEPUMEHTHI TPOBOAWINCH B UHTEpBaJIe 1aBieHuil 1-4 atm.

PesyabTaTsl H 00cy:KI1eHUSA

OpHuM W3 OCHOBHBIX TpeOOBaHMIA, MPEABSABISEMbIE K MEIJICHHOTOPSIIUM 3aMEATUTEIbHBIM
COCTaBaM SBJICTCS Mayias 3aBHCHMOCTb TEMIIEPAaTypbl U CKOPOCTH TOpPEHHs OT naBieHus. s
cuctembl BaCrO4/TiB2 Temrieparypa ropeHus: OCTAeTCsl OCTOSHHOM BO BCEM HANa30HE JaBJICHUN
aproHa. [Ipy M3MeHeHHMH IaBlIeHUsS aproHa B WHTEpBaie 1—4 aTM CKOPOCTh TOPEHUS MEHSETCS
ciabo (pucynok 1), ot 1,26 mm/cek g0 1,37 mm/cexk. MakcumanbHOE 3HAUEHHUE CKOPOCTH TOPEHHS
HaOJII0AAaeTCs PH IABJICHUH 2 aTM., MUHUMaJIbHOE 3HAUYEHHUE MPH 3 aTM.

1,6
1,4
1,2

0,8
0,6
0,4
0,2

CKOpPOCTh TOPEHIIS, MM/ CeK

P, atm

Pucynok 1 - 3aBucumocTs ckopoctu ropenust cucrembl BaCrO4/TiB2 ot naBienus

Ha pucynke 2 mnokazana ¢otorpadus cropesmiero odpasma. CropeBiuii B aproHe o0pasery
MOYTH HE MEHSET CBOIO (pOpMYy M NIpU TOpeHHH oOpaslia HaOII0JaeTCss CHUpaIbHOE TOpEHHE, ITO
CBUJETEIHCTBYET O TOM, YTO MPU FOPEHUH IMIMHAPUYECKOro oOpas3iia Ha OOKOBOM MOBEPXHOCTU
00pa3yloTcsl JiBa oyara 3HEProBBIIEICHHUS, KOTOPBIE PACIPOCTPAHSIOTCS B MPOTHUBOMOJIOKHBIX
HaIpaBJIEHUSAX MO OKpYXHOCTH [5]. Kak BUIHO U3 pUCYHKa 2 cropeBLINil o0pa3el CHapyXu UMeeT
CIHMpaJIEBUAHBIN PUCYHOK M COOTBETCTBYIOIYIO CTPYKTYpy. CrnMpaiibHble BOJHBI BO3HHUKAIOT U3
pa3pbIBOB BOJIHOBOrO (ppoHTa B ABYXMEpPHOH cpene U XapakTep (OPMUPOBAHUU 3aBUCUT OT
MHTCHCUBHOCTH BBIJCJICHUS TEIJIa B 30HE TIpolecca TOpeHHs. A eclIM WHTEHCUBHOCTh
TEIUIOBBIJIENICHHUSI 3HAUUTENIBHO BEJIMKA, CBOOOJHBIA KOHEL BOJHBI «IIPOPACTaeT», OTCTAET WU
CKpPY4YMBAETCs B ciMpaib [6].
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I[To pa3HOCTH Macc MCXOAHOTO M CrOPEBIIEro 00pasiia pacCYMTHIBAIN KOI(POHUIHMEHT TOTEPH
maccsl: Km = 0,04.

MeTomoM 3IIEKTPOHHON MHKPOCKONMHUK Oblia MCCiIeaoBaHa MOPQOIOT s MPOIYKTa TOPCHHMS.
[ToBepXHOCTh CropeBIiero odpasiia XapakTepu3yeTcs MIEPOXOBATOCThIO, B pe3yibTare (a3zoBOro
[peBpaleHI 00pa30BaIKCh HIMUHEILO0Pa3HbIE TBEPIbIE KPUCTAIUINIECKHE CTPYKTYPHI.

Pucynok 2 — Cropesiuii o6pasert

Hcxons w3 TMONYyYEHHBIX JaHHBIX PEHTreHo(a3oBOro aHaiau3a, B pe3yibTaTe TOpEHUS
meieHHoropsimeii  cmecu  BaCrO4/TiB2 o0OpasytoTcs mmuHen»00pa3Hble  KPUCTAJUIMYECKUE
CTPYKTYPbI TPYAHO MOAJAIOIINE K U3MEJIbYESHHUIO.

Takum 00pazom, B pe3ysbTaTe MpOJETaHHON paboThl, ObUT pa3pabOTaH MeICHHOTOPSIINUMA
3aMeJIUTENbHBI COCTaB Ha OCHOBE Xpomara Oapusi U IuOOopuia THTaHA CO CKOPOCThIO TOPEHHUs
1,14-1,53 mm/cek.

Habntonaemas B 1aHHON paboTe HE3aBUCUMOCTb CKOPOCTH FOPEHMS OT JaBJIEHUS] HHEPTHOTO
ra3a M He3HAYWTENIbHBIC TIOTEPU B BECE, MO3BOJISIIOT CUUTATh, YTO TOPEHHE COCTaBa MPOTEKAET 110
MEXaHU3My «0e3ra3oBOro» W COCTaB MOXHO IMPUMEHHUTh B F€pMETU3MPOBAHHBIX 3aMEUIUTEIbHBIX
YCTpOMCTBAX.

Taxke, cocraB o001agaeT BBICOKOM (DU3MKO-XMMHUYECKOM CTaOWIBHOCTBIO W HM3KOU
YYBCTBUTEIHHOCTHIO K MEXAaHHMYECKUM BO3JICHCTBUSM, O€30MIacCeH B IMPOW3BOJICTBE M Ha BCEX
CTaAusIX OOpaIeHus.
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IHOJYYEHHUE OI'HEYIIOPHBIX MATEPUAJIOB HA OCHOBE KAPBUJIA KPEMHUA
B PEXKUME CAMOCIIEKAHUSA

'B.H. Car6aes, 13.0. AiiméeroBa, ’H.B. Ec60.10B. °C.M. ®omenko, °P.I. A61y1kapumMoBa,
'HauuoHansHeli IEHTp 110 KOMILIEKCHOM TIEpepaboTKe MUHEPAIBHOTO ChIPhs Pecry6mmku Kasaxcran (1. Actana)
2MucTutyt npobiem ropenus, Kazaxcran (r. Anmarsr)
E-mail:nurmahan_esbolov@mail.ru

AHHoTanmsi. B pabore mpuBeneHB pe3yNbTaThl MCCIECIOBAHWN MO CHHTE3y OTHEYIOPHBIX MaTEpHAIOB Ha OCHOBE
KapOuIa KpeMHHs B PEeXHME caMocIieKaHus. J[11 MHTCHCU(UKAINN MPOIECCOB CIIEKaHMs M CHHTE3a HCCIIEJOBaHbI
00pasIsl OTHEYNIOPHBIX MaTepuaoB ¢ J0OaBKaMH aTIOMHHHEBOTO mopomka Mapku I1A-4. Omnpenenensl nx ¢usnko-
MEeXaHHYeCKUE CBOMCTBA MOIYYCHHBIX MaTepHAJIOB.

Beenenue

OrveynopHele Marepuajlbl B IPOMBIILUICHHOCTH IPUMEHSAIOTCS Il COOPYXKCHMS
METITyPruuecKux Ieded U UMeroT TemmepaTrypy miaieHus He Huwke 1580 °C. OrneynopHbie
MaTepHualibl TpeOYIOTCS JUIsl M3TOTOBJICHHS PA3JIMUHbIX HArpeBaTENIbHBIX, CYIIMIbHBIX, 00KUIOBBIX
U IUIaBWIBHBIX I€YeH, a TakkKe HCIONb3YyIoTCd Ui (YTEpOBKM KOBIIEH M B KauyecTBe
crajepa3ziuBoYHoro mnpumaca. OCHOBHBIMH TpeOOBaHUSAMM, MPEABSIBIIEMBIMA K TaKuM
MaTepuasam, SBISIOTCS TEPMOCTOMKOCTb, CONPOTHBIEHHE BBICOKMM TEMIIEpaTypaM U CTOMKOCTb
IIPOTUB XMMHUYECKOTO BO3ACHCTBHSI pa3IMYHbIX PACIIIIABICHHBIX CPEN.

OrseynopHble MarepHaibl (OrHEYHNOphl) — 3TO MaTepuajbl, U3TOTABIMBAEMbIE HAa OCHOBE
MHUHEPAJIBHOTO CHIPhS M OTJINYAIOLINECS CHOCOOHOCTBIO COXPaHATh 0€3 CYIIEeCTBEHHBIX HapylIeHUH
CBOM (PYHKIIMOHAJIbHBIE CBOWCTBA B Pa3HOOOpPA3HBIX YCIOBHUSX OJKCIUIyaTallUd NpPU BBICOKHUX
TeMmeparypax [1].

ITo coctaBy OrHeymopHble MaTepHallbl - 3TO K€paMHUYECKHE CMECH TYIOIIaBKMX OKCHUJOB,
CHJIMKATOB, KapOUI0B, HUTPUAOB M OOpHI0B. B kKauecTBe orHeynopHoro mMatepuana npuMeHseTCs
TaKxke yriepol (Kokc, rpa¢ut). B oCHOBHOM 3TO HeMmeTalIMYecKHe MaTepuaibl, 00jajaroline
orHeynopHoctbio He Hwke 1580 °C, mpuMeHstomMecs NpakTHUECKH Be3de, TIAe Tpedyercs
BBITNIOJTHEHUE KaKOT0-JIM0O Ipolecca Mpu BBICOKUX TeMIlepaTypax.

OnHUM W3 MEPCNEeKTUBHBIX HANpaBJIeHUH pa3pabOTOK HOBBIX KEPAaMHUECKUX MaTepHasoB,
BKJIIOYAsi OTHEYIOpHBIE, SIBISIETCS CaMOPaclpOCTPAHSIOUINIICS BBICOKOTEMIEPATYpHBIM CHHTE3
(CBC) [2]. MerannorepMUyecKie OKHUCIUTEIbHO-BOCCTAHOBUTENIbHBIE PEAKIMHU, MPOTEKAIOIINE B
BOJIHE TOpPEHHUS, XapaKTePU3YIOTCS BBICOKUMH TeMIepaTypaMud U TeIJIOBbIMU 3¢ dexTamu.
Temnepatypsl cunte3za pocturaror 1600 — 3000 °C. Ilpum Takux Temmeparypax MPOMCXOIUT
o0pa3oBaHHME TYrOTUTABKMX OKCHUIHBIX COCAWHEHUW W COJICH, TPECTaBISIONIMX MPAKTHICCKUN
MHTEpEC KaK OrHeymopHble MaTepuanbl. CHCTeMaTH4YeCKHe HCCIEA0BaHUs TBEpAO(a3HOro
METAIJIOTEPMUYECKOI0 TOPEHUS] OKCHIHBIX CHUCTEM C IIeJIbl0 pa3pabOTKU HOBOM TEXHOJIOTUU
MIPOM3BOJICTBA OTHEYNOPOB BhINONHEHBI B MHCTHTYTE mpobiem ropenus [3]. Pesynbpratom 3THX
uccnenaoBanuil ssBuiock co3nanue CBC-rexnomorun orueynopoB «®YPHOH, kotopas monyuunna
B HACTOAIIEEe BPEMs JOCTATOYHO IIMPOKOE MPAKTUYECKOe MPUMEHEHHE NMPU PEeMOHTE (yTEpOBKU
BBICOKOTEMIIEPATYPHBIX TEIJIOBBIX arperatoB — meued oOKura HM3BECTHSKA MU IIEMEHTa, Iedei
IIPOKAJIKM KOKca M aHoAHoM macchl. Ha ocHoBe CBC B HacTosiiiee BpeMs IMOJIYYMIIM pa3BUTHE
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pas3iuYHble KOMOMHHPOBAHHBIC MPOIIECCHI MOJYYCHUSI OTHEYIIOPOB, B TOM YHCIIE CAMOCIICKAHUS U
cunresa [4, 5].

JKCrepuMeHTAIbHAA YacTh

Jns  uccrnenoBaHus (U3MKO-TEXHMUYECKMX XapaKTEpPUCTHK OTHEYHNOPHBIX CMeced Obuin
M3TOTOBJICHBI OOpA3Ibl C PAa3IUYHBIMU KOMIIOHEHTHBIMH COCTaBaMHU. B KadecTBE KOMIIOHEHTOB
ObUIM HMCIOJb30BaHbl LIUIAKM Pa3HbIX MapoOK, OTHEYNOpHAas IJIMHA, JKUIKOE CTeKino. MaccoBoe
COOTHOIIIEHHE KOMIIOHEHTOB CIIeyIoue: nuiak-65%, orueynopHas rimHa-25% u KUAKOe CTEKIIO-
10%. O6pa3zubl noay4yaad METOJJOM CaMOCTIEKaHUsI.

KoMmioHeHTh! B3BeHIMBaJIM Ha IEKTPOHHBIX Becax BJID-134 u TmarensHO nepeMenvBaiu B
bapdopoBoii ctynke. 3aTeM A00aBISIM HE3HAUUTEIBHOE KOJIMYECTBO BOJbI, JOCTATOYHOE IS
IIPUTOTOBJIEHUS MOJIyCYXOM CMECH C LIE€JbI0 M3rOTOBJIEHUS OOpa3loB IpeccoBaHUEM. BiaxHOCTh
cmeceit coctasisna S - 10 %.

Jnist onipeniesieHust TerIo(hU3NIeCKUX M MPOYHOCTHBIX XapaKTEPUCTHK TOTOBIIIUCH 0Opa3Ilbl B
BUuJe IWIMHApPOB auamerpoM 20 MM u  BbicoTo 40 MM, LWIMHAPH HM3rOTaBIMBAINCH
mpeccoBaHueM B mpecc-popme mpu jgasieHun okosio 70 MIla. Ilocme ¢opmoBanus o0pasiisi
OCTaBJIJIM HA €CTECTBEHHYIO CYLIKY IpU KOMHATHOW TemmnepaTrype B TedeHue 20 — 24 4, 3areM
BBIJICP)KUBAIM B CymmmiibHOM 1mkady npu temmeparype 70 — 80 °C B TeueHme 5 Yacos.
ITpocymiennbsle 00pa3ibpl MoMelann B My(eiabHYK Medb, OOKUI 00pa3loB MPOBOAMIIOCH IpPU
temneparypax: 150 °C, 900 °C, 1200 °C. B pabGote nmpoBeneHbl UCIBITAHUS Ha OTHEYHNOPHOCTD,
IIPOYHOCTb Ha CXKAaTHe M HAa TEPMOCTOMKOCTh CHHTE3UPOBAHHBIX 00pa3IOB.

Crnenyrouuii 3tan paboThl 3aKII0YAJICS B UCCIIEJOBAaHUH BO3MOXHOCTH CHHTE3a U YCIOBUI
caMmocrekanus. J[ist 3Toro u3 15 npoMBIIIUIEHHBIX OTHEYHIOPHBIX MAcc ObLIIM OTOOpaHbI YEThIpE
o0pas3ia COOTBETCTBYIONINE XMMHYECKIM KPUTEPHSIM OTHEYMOPHBIX cMeceid. CocTaBbl 00pa3IioB
OTHEYNOPHBIX cMecel npuBeAeHbl B Tabauue 1. J{ns yBenndyeHns BHyTpeHHEH SHepruu mpu
CIIeKaHUU, ObUIM IPUTOTOBJIEHBI 00pa3Ilbl OTHEYIOPHBIX cMecell ¢ JoO0aBKaMH aJIlOMUHHEBOTO
nopouika Mapku [1A-4, cBs3yromiero pactTeopa cyiabhaTa Mariusi 1 HHULMUPYIOLIEeH 100aBKU
¢dbTopuaa KaibLUs.

J171s1 BBITTOJTHEHHS SKCTIEPUMEHTATBHBIX pa0OT HCIIOIB30BATUCH CIIEIYIONNE KOMIIOHEHTHI:
CyXH€ OTHEYIOPHbBIE CMECH Ha OCHOBE KapOWIOKPEMHHUEBBIX MACC, IPUMEHSEMBIX Ha PA3JIMYHbIX
TEIUIOBBIX arperarax 4YepHON MeTauTypruu, MOPOIIoK amoMuHust Mapku [1A-4, cynbdart maraus,
¢moopur (CaF2). /lucniepcHOCTh KOMIIOHEHTOB cOocTaBisia MeHee 90 MKM.

Tabmuna 1 — CocraB 00pa3ioB

MapkupoBka 00pa3ioB Alpaa, % MgSOQO4, % CaF, %
JIT 3 nadbusuas macca DR 30 6; 8;10; 12 6 2
JIT 3 TOPKPET macca 8KX-7 6; 8;10; 12 6 2
JI13 6eton xenobubiii «BE3YBU» AT 390 6; 8;10; 12 6 2
JI14 6eton mist xemoba BTMA 155 «/lenyp» 6; 8;10; 12 6 2

Onpenenenue npejaesia NPOYHOCTH NPH CKATHH

s ompeneneHus mnpezena MPOYHOCTU MPH CHKATUU HCHOJB30BajIM CTAHIAPTHBIN METOJ
ONpeAeNeHusl  Tpefelia IPOYHOCTH HAa  CXKATHE  OTHEYNOPHBIX  M3AENUH,  KOTOPBIN
xapaktepusyroercs 10 %-HbpIM yMEHBIIIEHHEM HCXOIHOW BBICOTHI 00pasiia OrHEYIMOPHBIX H3/ETHH.
Crannapt nonaHocTbio cootrBeTcTBYeT CT COB 982-78.
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OmnpepeneHre MPOYHOCTH Ha CKAaTHE MPOBOJMIM Ha HCHbITaTenbHOM Mmamuue: YES Series
Compression Testing Machine, YES 2000 Type, Serial number 0545, Jinan Zhong Lu Chang
Testing Machine Co Itd. RFP — 03.

[IpuHuunsibHasE cXxeMa MCHOBITaTeIbHOM MalllMHBl  TOKa3aH Ha pucyHke 1. Mammna nms
UCIIBITAaHUS Ha C)KaTue, oOecrevyrBalia CIEAYIOIINE YCIOBUS HCHBITAHUS: MaKCUMAJIbHOE YCUIIHE
JOCTaTOYHOE Ul pa3pylieHHs: o0pasia, pe3yabTaT (UKCUPOBAICA Ha JUCIUIEE, MOTPEUIHOCTh HE
npesbimana 2 % ot 3amepsieMoil BETMYHHBI.

N3mepenne conpoBOkAaIOCh IJIABHBIM HArpyEHUEM CO CKOPOCTBIO MOBBIIICHUS JaBICHUS
paBubM 1,0 MIla.  M3Mmepenue oOecreuynBaioch BO3MOXHOCTHIO IUIOTHOTO 3aKaThsl 00paslia
MEXITy OOCUMU TUIMTAMH WCIBITATCILHOW MAIIWHBI 110 BCEH MOBEPXHOCTH COMPUKOCHOBCHWUS, C
UCIIONIb30BaHUEM  JJisi JTON Ienu CcPEepUyecKoil Oomophl Ha OJHOM M3 IUIUT HCIBITATENHLHOM
MaIIUHBI, IOMYCKAIOIIEeH HAKJIOH TUTUTHL.

L. J

\l .
N -

ks

1 — ocHoBaHME | BBIIOJHEHO B BHUJIE JIUTOIM KOHCTPYKIINH, TA€ YCTAHOBJICHBI KOJIOHHBI 2 ¥ YEPBAYHBINA MPUBO/,
YepBsIYHOE KOJIECO HA/IETO Ha TaiiKy X0JJ0BOr0O BUHTA — 3, 4, 5 — HIKHSSL M BEpXHsIA TpaBpeca, 6 —onepeyHas
TpaBpeca, 7 — IyJIT yIpaBJieHus, 8—TaHelb yrnpasienus, 9—pyunoii npusoa, 10—obpaszen.

Pucynok 1 — [IpuHIMIsUIbHAS CXeMa HCHBITATEIbHON MalllUHBI

OmnpenesieHne TEePMHYECKOH CTOMKOCTH (TEPMOCTOHKOCTD)

HcnpiTaHne OTHEYNOPHBIX M3/IE€IUMHA Ha TEPMOCTOMKOCTh 3aKIIFOYAETCS B ONpPENEICHUU
KOJINYECTBA TEIIOCMEH (HarpeBOB M PE3KUX OXJIAKIACHUI), KOTOPhIE MOXKET BBIAEPXKAThb HU3/EIHe
710 OTpe/ieNieHHOM crenenu ero paspymienus mo [OCT 7875-56. (pucyHok 2).

Merton npenHazHadyeH Ui ONPEACICHUS TEPMUYECKONW CTOMKOCTH OTHEYNOPHBIX M3IENINI:
IIaMOTHBIX, MOJIYKHUCIIBIX, BBICOKOTJIMHO3EMUCTHIX, (bopcTEPUTOBBIX, UIIMUHENbHBIX,
MarHe3UTOXPOMHUTOBBIX, XPOMOMArHe3WTOBBIX, XPOMHUTOBBIX, TI'pa(UTOBBIX (Ha KepaMHUYECKOU
CBSI3KE) U KapOOPYHOBBIX.
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1- mydenbHas nedb, 2- 00pasiibl, 3- KepaMHUecKas MOJACTaBKa, 4-TepMornapa, S-perysaTop TeMIepaTypsl, 6-aBepIia,
7- cHenuanbHble EMKOCTH JUIs IPOTOYHO Bobl (TemMmeparypa Boasl 5 —25 °C), 8-06pasisl Ha BOdAyXe

PI/ICyHOK 2 - HpI/IHHI/IHI/IaJ'II)HaH CX€Ma YCTAaHOBKHU JJId UCHBITAHUUA OTHEYIIOPOB HAa TCPMUYECKYIO CTOLUKOCTDb

KauecTBeHHBI M KOJMYECTBEHHBI COCTAaB CHHTE3UPOBAHHBIX IMPOAYKTOB OIPENEISIN
METOJIOM PEHTIeHOCTPYKTypHOro aHanu3a Ha naudpakromerpe JIPOH-4M. Ha pucynke 1
MpEJCTaBlIeHa XapaKTepHas pPEHTreHorpaMma OJHOTo W3 o0pas3moB. Bce oOpasumbl Onu3ku 1O
COCTaBY, OCHOBY COCTaBJII€T KapOHJ KpPEMHUs, TaKXKe COAEpKAT OKCUJBI aTIOMHHHS U KPEMHUS,
HEKOTOpbIe 00pa3Libl 3JIEMEHTAPHBIN YIIIEpOJl U KPEMHUM.
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Pucynoxk 1 — Penrrenorpamma o6pasua JII12 TOPKPET macca VH72HO

Pe3yabTaThl M 00Cy:KIeHUE

[lo pesynpTaTaM MpPOBENEHHBIX MCCIEAOBAaHUU [0 BIHSHHUIO JOOABOK AaFOMUHHUEBOIO
nopomka mapku ITA-4, cBsa3yromiero pactBopa cyibdara MarHusi ¥ MHULIUHUPYOLIEH 100aBKU
dTopuaa KajbIMs IOKa3ajdd, YTO MOYTH BCe 0OO0pasllbl XOPOIIO CHEKAKTCs IMpH TeMmIiepaType
1000°C , 3Ha4YMTENbHO YBEIMYUBAIOT MPOYHOCTHBIC XapaKTepUCTUKU (Tabu. 2). OnTuMaibHOE
KOJIMYECTBO AJIOMMHHEBOTO IMOpOILIKa cocTaBisAer 8 %. JlanpHeiillee yBeIMYEHHE ATOMHUHMS
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NPUBOJIHUT K YXYAIICHUIO MPOYHOCTHBIX CBOMCTB. Ha TepPMOCTOMKOCTh KOJHUYECTBO J0OABICHHOTO
ATFOMHUHHS 3HAYUTEILHOTO BIHMSIHHS HE OKa3bIBaIo. (Tabm. 3). A nobaBieHue amromMuHus Oomee 10
% TPUBOJHUT K YMEHBIICHUIO TEPMOCTONKOCTH.

[Ipu uccnenoBaHuK Ha OTHEYHOPHOCTH BCE 0Opasilbl MOKA3ajlM XOPOILIMK pe3yiabTaT Oosee

Ta@mua 2— P€BYJ'IBT3TBI IMPOBCACHHBIX NCCICAOBAHNU HA IIPOYHOCTDh HA CXKATHEC

MapxkupoBka 00pa3ioB bes Al 4-6% Alyas- 8% Alias- 10% | Alwas-12%
nmobaBku | MgS04-6% | MgSO4-6% | MgSOs- 6% | MgSO.-6%
CaF;- 2% CaF2- 2% CaF»2- 2% CaF2- 2%
JI13 nabusHas macca DR 30 «BesyBu» 2,67 MIla 5,9 MIla 27,2 MIla 9 MIla 7,1 MIla
JI13 TOPKPET macca «Be3yBm» 8KX-7 8,25 MIla 11,6 MIla 10,5 MIla 13,8 MIla 12,6 MIla
JI13 6eton xenmobubii «BE3YBU» AT | 0,48 MIla 6,2 MIla 6,5 MIla 7,7 MIla 7 MIla
390
JI14 Geton mma sxkemoba BI'MA 155 | 3,67 Mlla 5,5 MIla 3,5 MIla 3,9 MIla 2,9 Mlla
«denyp»

Ta6Jmua 3 - PGSYJ'IBTEITBI IMPOBCACHHBIX UCCICAOBAHHUU HA TepMOCTOﬁKOCTB

KomuecTBo TemnocMen 1pu Temneparype 1000°C
MapxkupoBka 00pasioB be3 Alya4-6% Alias-8% | Alnaa-10% Alas-12%
N00aBKH MgS04-6% | MgSO4-6% | MgSO4- 6% | MgSO4-6%
CaF,- 2% CaF,-2% | CaFz-2% CaF,- 2%

JI13 nadbusHas macca DR 30 «Be3yBu» 16 19 18 20 19
JI13 TOPKPET macca «Be3ysm» 8KX-7 15 18 19 20 19
JI13 6eton xkenobOueiii «BE3YBU» AT 15 17 18 20 19
390
JI14 Oeron nmns sxemoba BI'MA 155 14 18 19 20 19
«denyp»

BriBoabI

[IpoBeneHHBIE HCCIENOBAHUS MMOKA3aIHM, YTO TOYTH BCE OOPAa3Ibl XOPOIIO CIEKAIOTCS MpPH
TeMmneparype 1000°C, 3HaUUTENBHO YBEJIMYMBAIOT IPOYHOCTHBIE XapaKTEPUCTUKH.
OnTuManbHOE KOJIMYECTBO DJHEPreTHYECKON [100aBKM B BHJIE€ QJIIOMHUHHUEBOTO IOPOIIKA
cocraBisieT 8 %. MakcumallbHbIe 3HaU€HUs MONY4YeHbl s oOpasma Ha ocHoBe JII13 HaOuBHas
macca DR 30 «Be3yBu» Alnas - 8 %, MgSOs-6 %, CaFo- 2 %.

HpO‘-IHOCTL Ha CKaTUC CHUHTC3UPOBAHHBIX O6p2[3]_[0B

TEIJIOCMEH, orHeymopHOCTh 6oiee 1800 °C.

Jlureparypa

27 Mlla, tepmocroiikocts 20

1. KXK. Crpenos, W.JI Kamees., [I1.C Mambikun // TEXHOJIOTUSA OI'HEYIIOPOB/

«Metamnyprusi». — Mocksa: — 1988.

2. MepxanoB A.I'. // B c6.Ilporiecchl ropeHnss B XUMUYECKON TEXHOJIOTHU M METAJUTYpIrHH.-

Yepnoromnoska- 1975. — C.5.

3. Kcanponyno I''M., McmaunoB M.b. CBC-orueynopsl «@ypuon». // B ¢06.: IIpobiaembl
TrOpeHNs ra30B U KOHJECHCUPOBAHHBIX cucteM. — Anma-Ara, 1993. — Bem.5. — C.5.
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UCCJIEJJOBAHUE U3MEHEHUI MUKPOCTPYKTYPbI IIEPUKJIA30BbBIX
OT'HEYHIOPOB ITPU 3HAKOIIEPEMEHHBIX TEIIJIOBBIX HAI'PY3KAX

Axumes A.X., ®omenko C.M., Bexmkanosa M.T. Kopkemoaii 2K., L /lunsmyxamoeros E.E.
Uuctutyt [pobaem [openns, Anmatsl, PK, exotherm@yandex.ru
1 Kazaxckuii arpapHbIii yHUBEPCUTET

BBenenne

[Tpu BO31CHCTBIM 3HAKONIEPEMEHHBIX TEIJIOBBIX HArPY30K Pa3HOHATPETHIC MOBEPXHOCTHHIE U
BHYTPEHHUE CTPYKTYpHbIE D3JIEMEHTBl MOJABEpPraroTcs MexaHuueckoil aedopmanuu. Ha
MMOBEPXHOCTH OTHEYNOpa ICHCTBYIOT PEAKTUBHBIC CHJIBI CXKATHS, & BO BHYTPCHHHX CJIOSX —
MIPOTUBOACHUCTBYIOIINE CHJIBI pacTsokeHus. HepaBHOMEpHO HarpeTblii OrHEYMOpHBIA MaTepual,
UMEIOIUN JUCKPETHYIO CTPYKTYpPY, MMEET YCIOBHO THUIIOTCTHYECKUE CJIOW, OPUCHTUPOBAHHBIC
MEPIEeHIUKYISAPHO JBUKEHHUIO TEIIOBOTO MoToKa [ 1].

CrpykTypHBIE SJEMEHTBHl OTHEYIIOPHOTO MaTepHalla pearupyroT Ha TeMIEpaTypHBIC
Kose0aHus MOBEPXHOCTHOTO CJIOS K3MEHEHHEM CBOHMX pa3MepoB. B pesyibTaTe clemieHUs YacTUll
MaTepuaga CBOOOJHOE MEepEMEIICHIE UX OTPAHMYUBACTCS CHUJIAMH KOHTAaKTHOTO MU Y3HOHHOTO
CHEKAHMS COCTABIIIOIINX MUHEPATIOB U3enus [2].

[Ipu noBwimienun Temrepatypsl Bo3aeicTBus 10 1050 — 1500 °C B cTpykType orueymnopa
HaOII0/1aeTCs MOSBICHUE CETH MUKPOTPEIUH C MHTEHCUBHOCTHIO 710 15 — 20 GJ0KOB ¢ pazmepaMu
m0 100 MKM TIpE TemynoBOH Harpyske (IUIOTHOCTH TeIIoBOoro mortoka) 280 — 537 BT/MA.
BozneiicTBue rpaJMeHTOB TEIJIOBOTO TOJS M TEMJIOBOTO MOTOKA B YCIOBHBIX THIOTETHYECKHX
CJIOSIX CITOCOOCTBYIOT IMOSIBJICHUIO BHYTPEHHUX HANIPSDKCHUH.

[Tpu Bo3A€HiCTBUM HAMIPSKEHUN CABUTA WM PACTSHKEHUS, TPEBHIIAIONINX CUITBI KOHTAKTHOTO
CIIMSTHUS YaCTHUI] U 0OOPAa30BAHHBIX MPSIMBIX CBSA3EH MPOUCXOIUT MPOIECC X Pa3phbiBa U IMOSBICHUS
MUKpPOTpEeIMH. B pe3ynbpTare CIUSHUS MUKPOTPEIIMH OOpazyroTcss OJIOKM — KOMILJIEKCHBIE
AJIEMEHThl  (pparMEHTApHOW CTPYKTYphl, MOBBIIAIOIINE TEPMOCTOMKOCTh oOrueymopa [3].
[IpotuBozeiicTBUE MaTepHaliia TEIUIOBBIM HAarpy3kaM U €ro TOCIeAyIolee pa3pylleHue
orpeaenseTcss (PU3NKO-XUMUISCKIM CBOMCTBOM OTHEYIIOpa — CTOHKOCTBIO K PE3KHM IeperaiamM
TEeMIEparTyp.

B pabote wmccnenoBaHO BO3JCHCTBHE TEIUIOBBIX HMMITYJIBCHBIX ITOTOKOB B TIEPHUKIIA30BBIX
OTHEYIOpax Ha BO3HUKHOBEHHUE CIOXHBIX HANPSIKEHUIN BO BHYTPEHHHUX CTPYKTYPHBIX dJIEMEHTAX,
MIPUBOJIAIICE K 00Pa30BAHUIO MUKPOTPEIIHH U Pa3ylPOYHEHHUIO OTHEYIOPA.

JKCNepUMEHTAIbHASA YaCTh

HccnenoBanust MHMKpPOCTPYKTYphl (pUCYHKM 1—4) M MpOLECCOB, NPOUCXOJAIUX B
MEPUKIIA30BBIX OTHEYIOpax MpPH BO3JACHCTBUU TEIUIOBOTO HWMITYJIBCHOTO IMOTOKA, MPOBOJIMIN Ha
ckaHupymomeMm 3nekrponHoM Mukpockone PHENOM ProX (Hugepnanasl) ¢ npuMeHeHHe
BCTPOCHHOTO SHEPTOMCIIEPCHOHHOTO MHKPOAHAIN3aTOpa, IMO3BOJISIONIETO OIPEISIUTh MaKpo-
MHUKPOYPOBHEBbIE H3MEHEHHs B CTPYKType U (a30Boe IepepaclpesieieHue Marepuana mpu
W3MEHEHHUH TeMITePATyPHBIX YCIOBHIA.

JU1sl IOCTaHOBKU 3KCIIEPUMEHTOB BO3ACHUCTBUS TEIUIOBBIX MUMITYJIBCOB Ha TEMIIEPATYpPHYIO
neGopManuio CTPYKTYPHBIX 3JEMEHTOB OTHEYNOPOB TOpLEBas YacTh IMEPUKIA30BOIO KHPIHUYA
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pazmepoM 115x65 MM nomemanaces B npensapurensHo Harperyro no 500, 700, 900, 1050 u 1500
°C wmyc¢enbHyto medb. [locnmoiiHoe u3MeHeHue Temmeparypel mo mHe (230 MM) Kupnuya
PErUCTPUPOBAIOCH YCTAHOBJIEHHBIMH TE€pMOIIapaMHM Ha INIyOMHAaX OT TOPLIEBOM IOBEPXHOCTH Ha
paccrosauu 10, 80 1 145 MM 1 GOKOBBIX YACTAX MaTepuala MO HANPABJICHUIO TEIJIOBOTO MOTOKA
110 IJIOUIAIU TOPLIA — BCEro 18 KOHTPOJIBHBIX TOYEK. DTAJOHHBIM MaTepHAlIOM CIIy)KUJIa CTPYKTypa
MEPUKIIA30BOT0 KUPIUYA, HE IMOJBEPrIIEroCcs BO3JIEHCTBHIO TEIIOBOIO HMMIyJbca (pUCYHOK 1).
COOTBETCTBEHHO, JIMIIEBAas CTOPOHA KUPIIMYA, MOJBEPTIIErocss ObICTPOMY HarpeBy CO CKOPOCTbHIO
25 °C/MUH W MEIUICHHOMY OXJIXJIEHHIO BMECTE€ C Teublo (pucyHok 2). BHyTrpenHuid cioit
MaTepuaia Ha paccTossHuM 10 MM OT MOBEPXHOCTH BO3JI€HCTBUS TEIUIOBOIO MMITYJIbCa, IOKA3aH Ha
pucyHke 3.

PesyabTaThl U 00cyKIeHUE

HccnenoBanue mokasayio, YTO BU3YaJbHbIX W3MEHEHHMH B UCHBITYEMOM TOpLE KUpIHYa HE
IIPOMCXOJUT HE3aBUCUMO OT BEIMYMHBI TeMIeparypbl Bo3aencTBud. [Ipu temneparypax 500, 700,
900 °C ckopoctb HarpeBa cocraBuia ot 5 10 10 °C/mun, npu 1050-1500 °C — 2540 °C/MuH.

DNEeKTPOHHO-MUKPOCKOTIMYECKHE  HCCIECIOBAHUS  IO3BOJIMJIA ~ YCTAaHOBHTH, YTO TpHU
temneparypax 500, 700, 900 °C nosiBieHHME MHUKPOTPELIMH XapaKTepU3yeTCs ¢ HE3HAUUTEIbHOU
I/IHTCZHCI/IBHOCTBIO 5 — 7 6nokoB ¢ pazmepamu 3—10 mxm. TerutoBas Harpyska cocraBmia 3,5-8,6
BT/M”.

Pucynok 1 — MUKpOCTpyKTypa 3TaJOHHOTO HIEPUKIA30BOr0 OrHEYNOpa (He MOBEPTHYTOr0 BO3ACHCTBUIO TEIMNIOBOTO
umIynbca). Yemmaenue: a) x500, 6) x2500. Temnoe mosie — HOPHI
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PucyHOK 2 — MHEKpPOCTPYKTypa MOBEPXHOCTH TAJIOHHOTO TIEPUKIIA30BOTO OTHEYIIOPA MOCTE TEIIOBOTO HMITYITECHOTO
Bo3jeicTBUsA. YBenndyeHue: a — x500,
6 —x2500. TemHOe 1OJIE — TTOPBI

Pucynox 3 — MukpocTpykTypa BHyTpeHHETO ciiost (10 MM OT TMIIEBOH CTOPOHBI) MEPUKIA30BOTO OTHEYIIOPa.
Veenuuenne: a—x500, 6 — x2500. TemHO€e M0JI€ — TIOPBI
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Pucynokx 4 — MUKpOCTpyKTypa H3JIoMa NepHKJIa30Boro orueymnopa. Ysenuuenue: x500. ViccnenoBanue MUHEPaIbHOTO
(ha3zoBoro cocraBa B Touke: | — mepukia3oBasi 00JacTh, 2 — CHIMKATHBIC BKIFOUCHUS

B cTpykType mnepukiia30BOro 3TaJOHHOTO OrHEynopa (pUCYHOK 1) 4eTko pas3indarorcs
KpPYITHBIE 3€pHA W PACIHOJIOXKEHHAs MEXAY HHUMH CBS3YIOMIas 9acTh C MEIKHMHU JUCIEPCHBIMHU
KpHUCTaJJIaMH NepuKiIa3a COeMHEHHBIMU KaHaJIbHBIMM TIopaMu OT 5 10 100 MkM, 00Opa3oBaHHBIMU
B IIpollecce crekaHusi uzfenus. [loBepXHOCTh HWMEeT HE3HAYUTEIbHBIE YYacTKH-OCTPOBKH
CBOOOIHOTO OKCHIA MarHus W TpuUMecHbIX (a3, coemuneHuit u munepanoB (CaO, SiOz, Fe:0g,
FeO).

JluueBass moBepxXHOCTh KHMpnuua (pabodas 4acTh), MOZABeprmascs ObICTpoMYy HarpeBy (25
°C/MUH) U MENJEHHOMY OXJIaXJECHHUIO BMECTE C MEYbl0 (PUCYHOK 2) MMEET Ha 3HAauYUTEIbHOU
MOBEPXHOCTU JIUCIIEPCHBIC BKPAIUICHUS] OKCHIAa MarHus, W BbiheneHus coeauHenuit CaO, SiO,
Fe203, FeO. CocpenorouyeHHble B KaHAIBHBIX MOpPaX M TEPMOYAAPHBIX MHUKPO-, MAKPOTpPEIIMHAX
coeMHeHUs AUPPYHIUPYIOT B CTPYKTYpHBIE »JJIeMEHThl Marepuana. [Ipu aauTensHOM
BO3/ICWCTBUU TEMIIEPATyphl OHHM CIIOCOOCTBYIOT 3ajiedyMBaHHIO 1Op. OHAKO, PU  OXJIAKICHUU
MOBEPXHOCTU MPOUCXOTUT TIepepacnpeneieHne (a3 ¢ MOSBIEHUEM paHee paclaBLIMXCS
COCIMHEHUI B MEXKPUCTAUITMYECKUX TPOMEXKYTKAX, COMPOBOXKIAIOMIUXCSI WX OOBEMHBIMHU
MU3MEHEHUSMU. JTO NPHUBOJAUT K JOMOIHUTENBHBIM CTPYKTYPHBIM XMMHUYECKUM HANPSKCHUSM,
KOTOPBIE HAKJIAIBIBAOTCS HA YK€ BOZHHUKIINE 3HAKOTIEPEMEHHBIE TEPMUUYECKIE HATIPSKCHHUS.

HccnenoBanue u3enuil mo riayOMHE BO3AEHCTBHS TEIUIOBOIO MOTOKA MPOBOAMIOCH ITyTEM
MOCTIOMHOTO pa3pe3a KUpnuya Ha pacCTOSIHUM OT MOBEPXHOCTH Ha BennuuHy 10 mm, 80 mm, 145
MM. Ilpu MuKpoCTpyKTypHOM wu3ydyeHMH Ha riyOouHe 10 MM (pucyHOK 3) MpOCiexXHBaeTcs
MOSIBIICHNE  MUKPOTPEIIMH B  BHAEC MEJIKHX  Pa3BETBICHHH, YaCTHYHO  3aIllOJIHEHHBIX
JMCTIEPTUPOBAHHBIMHM KpHUCTAJIAaMH TMEPUKIIa3a U CBOOOJHOTO OKCHAA MarHusi ¢ MUHEpPAIbHBIMU
npuMecsiMi. B cpaBHEHWHM C IJMIIEBOM IOBEPXHOCTBIO Marepuana (PHCYHOK 2) CTpPYKTypa
UCTeNpeHa KaHAIbHBIMU IIOpaMH, KOTOpble OO0pa3yloT CBOOOJHYIO CeTh Cl1a0OCBA3aHHBIX
(bparMeHTUPOBAHHBIX TEKCTYPHBIX JIEMEHTOB.
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HccnenoBanne BHYTPEHHHMX Y4YacTKOB Ha TiyomHe oT 80 mo 145 MM mokaszano, 4To
KOJIMYECTBO TEPMOHANPSDKEHUH TPEIIMH CHUXKACTCSl M Ipolecca nepeMeHHoro ¢a3zoodpa3zoBaHus
He HaOJIroaaeTcs.

Pentrenorpadudeckuii, 37eMEHTHBIN, (a30BbIi aHAIN3 U MUKPOCTPYKTYPHBIE 3JIEKTPOHHBIC
HCCIIeI0BaHMS U3JIoMa Kupnu4da (PUCYHOK 4) IMoKa3ajiu, 4To 3epHa nepukiiasa (1) cogepxxatr MgO —
96,35 %, pactBopeHHbIii B HeM MarHesuodepput (MgFe204) - 2,3 % u HeOONbIIOE KOJHMYECTBO
CHJIMKATOB B BUJe MOoHTHYeuTa 1,35 %.

Ob6nacte (2) mpexncraBieHa B BHJAE CHJIMKATHBIX BKIIOYEHHH (pUCYHOK 4), B KOTOpOH
oOHapy»KeHBI JIerKomiaBkue MuHepanbl: MoHTHuemuT (CaO-MgO-SiOz), ruaparnas dopma
amomocuiukara (Al2SiOs(OH)), cienp cBOOOIHOTO KBapIa U KpUCTOOAIUTA.

OO6mmit (a3oBbIl COCTaB MEPUKIA30BOTO OTHEYIOpa COCTaBui, Bec.%: MgO-94,6,
MoHTHUSIITUT — 3,9, ruapaTtHas ¢asza — 0,4-0,8 %, maraesnodeppur — 1,8 %.

3aki0ueHne

Takum o00pa3oMm, Makpo-, MHUKPOCTPYKTYPHbIE€ MCCIE€JOBAHUS IOKa3ald, 4YTO HpHU
BO3JICHICTBUM MHTEHCUBHOI'O TEIIJIOBOI'O IMMOTOKA, BO3HUKAIOIIME TEPMOHAIPSKEHUS CLIOCOOCTBYIOT
MOSIBIICHUIO J1€(DEKTOB BHYTPEHHEI0 CTPOCHUS — pa3pblBYy MEXKKPUCTAIUIMUECKUX CBS3eH H
IIOSIBJICHUIO CETYATON KaHAJIBbHON CTPYKTYPBI.

IIpu uccnenoBanuy U3AEIUil Ha BCIO TIIYOMHY BO3AEHCTBUS UMITYJIbCHOTO TEIUIOBOTO IOTOKA
HaOJI0AaeTCs CHIDKEHHE MMPOYHOCTH MaTepuana, 00yciIOBICHHOE TIEPEMEHHBIM (Pa30BbIM COCTAaBOM
C U3MEHEHUEM TEMIIEPATyPBI.

Tepmuueckne HanpspKEHWsT MW NOSBISIOIIKAECS IIPU 3TOM  3HAKOIIEPEMEHHBIE HArpy3KH
bopMHpYIOT B Marepuane KOMIUIEKCHBIE 3JIEMEHTBl CTPYKTYpPbl B BUJE pa30O0IIEHHBIX OJIOKOB,
pa3lIeIeHHBIX KOJbLEBBIMA KaHAIIbHBIMU IIOPaAMHU.

W3menenne @(a3oBoro cocraBa B MEKKPUCTAJUIMYECKMX W MEXK3EPHOBBIX KOHTAKTaxX
Marepuana HaKJIaAbIBACTCS HA TEPMOHAINPSIKECHUs, BO3HUKAIOIIME INPH  3HAKOIIEPEMEHHBIX
Harpys3kax, KOTOpPbIE MOTYT CHM)KaTh WM YBEIMYMBATH HANPSOKEHHUS B 3aBUCHUMOCTH OT
TEMIIEpaTypbl — MOSBJIEHUE HOBBIX (a3 MpH BHICOKOW TemmepaType M UX pacraje INpu ee
CHUKCHUHU.

Jlureparypa
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AHHOTAIIUSA

Pa3paboTaHBl TeXHUYECKHE aCIEKTHI OBICTPOTO MOJTYYCHHUS (B TCUSHUH 2-5 MUH) B peXXUMe TBepa0(]a3HOTro TopeHus B
peaKTope BBHICOKOTO JABJICHHS KOMIIO3WTa Ha OCHOBE MUOOpHIAa MarHWs, 00Jamalomiero KPUTHISCKOH TeMIlepaTypoid
mepexo/a B CBEpXIpoBoasamiee coctossHue B mpenenax (Tc) 38,5-39,5 K, a nqomupyromiue 106aBKH B BUIC YIIICPOIHBIX
OJHOCTEHHBIX M MHOTOCTEHHBIX HAHOTPYOOK MO3BOJISIOT MOJy4aTh OOpasllbl ¢ KPUTHYECKOW IUIOTHOCTHIO TOKa
3HAYUTENHHO MPEBOCXO/ISIINE U3BECTHBIC aHAIOTH.

Beenenue

B Pecnybnuke Kaszaxcran umeroTcst Bce MPENNIOCBUIKM K TOJIYYEHHUIO TaK Ha3blBaeMOH
«3eneHoi» sHepruu. PalioHbl ¢ OOMIMPHBIMH HCTOYHMKAMHU BO300HOBIIIEMON 3HEPIUU OOBIYHO
pacroyio’keHbl Jajeko (10 HECKOJBKHUX ThICAY KHJIIOMETPOB) OT OCHOBHBIX IIGHTPOB €€
norpebyieHusi, 4Yro TpedyeT co3naHus APQGEKTUBHBIX CHUCTEM HAKOIUJIEHUS M Iepeaadu
AJIEKTPO’HEPIUH HA JAIBHUE PACCTOSHHUSA.

be3 pa3BuTHs TEXHOJNOTMH TOJYyYEHHUS BBICOKOTEMIIEPATypHBIX CBEPXIIPOBOJHUKOBBIX
MaTepHajioB NEPCHEKTHBBI CO3JAHUS «3EJIECHOI» HSHEpreTHKH BechbMa mpoOieMaThuHbl. HoBble
pa3paboOTKU M OTKPBITHSA B 3TOW 00JacTU B 3HAYUTENILHON Mepe MpeAoIpenesaT JONOIHUTEIbHbIE
BO3MO>XHOCTH B peaIM3al[uy IPAKTUYECKUX 3a/1a4 B Pa3BUTHH COJIHEYHON U BETPOBOW YHEPTETHKHU.

Cpenu Hanbosee U3BECTHBIX U MPUMEHSEMBIX CBEPXIIPOBOIAIINX MaTEPUATIOB 0CO00E MECTO
3aHUMAIOT CBEPXIIPOBOAHUKU Ha ocHoBe MQB2[1]. OTkphiTHE CBEpXMpOBOAMMOCTH B AuOOpHUAE
Mar"usi OTKpPbUIO HOBbIE BO3MOKHOCTH JUIsl IPAKTUYECKOTO MCIOIb30BAaHUS CBEPXIIPOBOJHUKOB B
MarHMTHBIX M DJEKTPOHHBIX ycTpoWcTBax [2]. MX omIMuyaeT 3aMedarellbHOE COYETaHHE
YHUKQJIbHBIX  3JIEKTPO-TEXHUYECKUX XapaKTEpUCTHK; BbICOKas TeMIlepaTypa Iepexoja B
CBEpPXIPOBOJSIIEE COCTOSHUE, OONBIIME 3HAUYEHHUS IUJIOTHOCTEH KPUTHYECKOTO TOKA Jaxe IO
BO3JICHICTBUEM BBICOKOI'O MAarHUTHOTO MOJISI 1 BO3MOKHOCTH MX MOJIYYE€HUS B BUJIE JUITMHHOMEPHBIX
IIPOBOJIOK WJM JIEHT TIPU HCHOJB30BaHUU CTAHJAPTHOIO IIPECCOBOTO M BOJOYWIBHOIO
ob0opynoBanusi [3]. JloCTyMHOCTh KOMITOHEHTOB JJIsl MOJYYEHHS CBEPXIIPOBOJHHKOB Ha OCHOBE
auOopuaa MarHust W TEPCIeKTUBBl IIHPOKOTO MPUMEHEHHs HUX B Pa3IMYHBIX OTPACIIX
MIPOMBIIIJIEHHOCTH CTaBST UCCIIEI0BAaHUS B ATOM 00J1aCTH BeChbMa aKTyaJbHBIMH.

OpHOl W3 BaXHEHIIMX CBEPXIPOBOJHUKOBBIX XapAaKTEPUCTHK, MOMUMO KPUTHUYECKOMN
TEeMIIEpPaTyphl EPEX0/1a, SIBISIETCS KPUTUYECKAs IUIOTHOCTh TOKA, T.€. CHOCOOHOCTh IPOBO/IHMKA HE
TEpATh CBOMX CBEPXIIPOBOJIALIMX CBOUCTB M 3P (eKkTuBHO paboTaTh B YCIOBUSAX OOJBIINX
9JIEKTPOMArHUTHBIX IOJEN. DIIEKTPOHHBIE CBOWCTBA U MPUPOJA MEKATOMHBIX B3aUMOJECHCTBUI BO
MHOT'OM 3aBUCST OT YCJI0BUI cuHTe3a M(B2, cooTHOIIEHHST KOMIIOHEHTOB U 10A00pa TOMUPYIOLINX
100aBOK.

B Hacrosimiee BpeMs [ IOJIy4EHHUS IIOPOIIKOB M KOMIIAKTHBIX MAaTE€pHalOB AKTHBHO
HCIIONB3YETCSl METOJI CaMOpacIpoCTpaHsIoIIerocsi BeicokoTemmneparypaoro cuare3a (CBC) [4], B
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OCHOBE KOTOPOTO JIKAaT pPEaKLUU SK30TEPMHUYECKOIO B3aUMOJEHCTBUSA JIBYX WM HECKOJIBKHUX
XMMHUYECKHX JIEMEHTOB, COSIMHCHUH, IPOTEKAIOIINX B PEKUME HAIIPABICHHOTO ropeHus [5-6].
HoBblil noaxoa K HOJYYEHHIO CBEPXIIPOBOJHUKOBBIX KOMIIO3UTOB Ha OCHOBE AuOOpuaa
Mar"usi € YyJy4LICHHBIMU CBEPXIIPOBOSIIMMU CBOMCTBAMM 3akirodaercs B mnpoBeneHun CB-
CHHTE3a B CUCTEeMe: OOp — MarHuii — gonupyromas 100aBka, B aTMoc(epe aproHa npu AaBJI€HUH O
100 arm. B mponiecce CBC Marnuii MOXeT MepexoauTh B ra3000pa3HOE COCTOSIHUE U YHOCHUTHCS
ra3oM U3 peakIMOHHOHN 30HbI. TepmMooOpaboTKa MoJ AaBIEHHUEM MHEPTHOIrO ra3a MpeAoTBpallaeT
HCIIapeHHEe MarHus U o0ecneynBaeT MAaKCUMAaJIbHBIN IIEpexo]l MarHusl B CUHTE3UPYEMBbI IPOAYKT -
aubopun MarHua. HoBBI TeXHONOrMYecKMi IMpHEM UM HCIOJIb30BAaHUE PEaKTOpa BBICOKOIO
nasnenus (PBJl) mo3Bonuiio 3HAYUTENIEHO COKPATUTh BpEMEHHBIE U dHepreTuyeckue 3aTparsl. CBC
IPU BBICOKMX JIaBJICHUAX SBISETCA OJHMM M3 3((EKTUBHBIX METOAOB (OPMHPOBAHUS
BBICOKOIIJIOTHOM MEJKOAMCIIEPCHON CTPYKTYpHl pa3zianuHbiXx MaTepuaios. [Ipu CBC noa BbIcOKUM
JlaBJIeHMEM, KaK IpaBWJIO, CHayala OCYLIECTBISAETCS C)KaTUe, a 3aTeM HarpeB oOpasua a0
HEOOXOAMMOW Temrmeparypel. bBONBIIMM TPEUMYIIECTBOM METOJa SBISETCS MNPOCTOTa U
BO3MOKHOCTb OBICTPOT'O MOJIy4E€HUS CBEPXIIPOBOIHUKOB Ha OCHOBE JMOOpUAa MarHusi.

JKCNePUMEHTATbHA YaCTh

Jlnst mpoBeneHUs SKCIEPUMEHTOB MO CHUHTE3y nubopuyua MarHus Owbul paszpaboran CBC-
PEaKTOp BBICOKOT'O JaBJICHUS.

JUis  u3MepeHHsl  CBEpXIIPOBOSIIMX CBOICTB B  HM3KOTeMIepaTypHOoW  oOnactu,
ucnoib3oBaau ycraHoBky PPMS (Physical Properties Measurement Systems, EverCool-ll,
Quantum Design, USA). Pentrenoda3oBblii aHaan3 MOAYYEHHBIX MaTEPHAIOB BBIOIHSIICS, C
MCIOJIb30BaHUEM PEHTTeHOBCKOTO nudpakromerpa JJPOH-4. MccnenoBanue CTpyKTyphl U penbeda
MOBEPXHOCTH HM3YYa€MBbIX MATEPUAIOB BBITIONHIIM C TIOMOIIBIO AJIEKTPOHHOTO PaCTPOBOTO
MHUKpocKkona Mukpoananuzatopa JEOL JXA-8230.

Pe3yabTaThl M 00Cy:KI€HUE

HccnenoBanbl OCHOBHBIE 3aKOHOMEPHOCTH CHHTE3a CBEPXIIPOBOJIHUKOB HAa OCHOBE AuOOpuaa
Mar"vsi JIONMPOBAHHOTO OJHOCTEHHBIMHM YriiepogHbiMH HaHOTpyOkamu (OYHT) B ycraHoBke
BBICOKOTO JiaBieHus. CelppeM Ul CUHTe3a 1MO0pHIa MarHusl CIyXHJIM HOPOLIKH aMmopdHoro 6opa
(1-5 mxm), maraus (200 mxm) 1 OYHT (¢ iuamerpom 1,1uM u qmunoi#t 20-30HM).

CMech HUCXOJHBIX MOPOLIKOB MarHusi, amopdHoro ©Oopa u VYHT 3arpyxamu B
HWIMHIPUYECKYI0 METAINIMYECKYl0 Ipecc-popMmy Uid MOJIydeHHs IUIoTHOro warepuana. C
MOMOIIBIO THJIPABIMYECKOr0 Mpecca, MPeccoBaInch 00pasibl B (hopme munuHapa ¢ yeunauem 400
KN. CB-cunte3 o0pasmoB gubopuaa maruusi, gonupoBanHbix OYHT mpoBoawmun B peakTope
BBICOKOI'O JJaBJIEHHUE B CpeJie aproHa. J{ns yBenu4eHHs MOJIHOTBI CMHTe3a U nHunmuposanus CBC
mpolecca B CUCTeME MarHuil - 6op, ObUI MCIIOJNIB30BaH BHEIIHUN IpeIBAPUTENIbHBIN Harpes
(TpyOuaTast HarpeBareibHas neub, ycraHoBieHHas BHyTpu PBJI). Ilpu noctmxenun temmnepatyp
600-650°C, mpowmcxXoauiao CaMOBOCIIAaMCHEHHE M CHHTE3 00pa3loB. MakcHMalbHBIC 3HAYCHHS
temneparyp Bo BpeMsa CBC mponecca nocturano 1000-1100 °C. JlaBieHue aproHa B yCTaHOBKE
cooTBeTcTBOBasi0o 2.5 MPa, 3T0 onTUMalbHOE 3HAY€HUE OIpeleseHO AKCIEePUMEHTaIbHBIM
obpa3zom.

[TonHoTa peakuuu ompenenasuiack 1o (a3oBOMy  cocTaBy HpPOAYKTOB — CHHTE3a.
Pentrenoda3oBelii aHaIM3 CHHTE3UPOBAHHBIX 00pa3loB HA OCHOBE MgB2 mokasai, 4To KOHEUHBIH
MPOJIYKT COCTOUT B OCHOBHOM M3 (a3bl 1UOOpuAa MarHusl U COAEPKUT npumecHsle ¢azsl MgO u
MgBs. Tlo pesyneratam COM anamusa (puc. 1) BHIHO, YTO HOJY4YEHHBIE OOpas3Ibl COCTOST U3
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KPUCTAJUIMTOB HENpaBWJIbHOW ()OPMBI CO CpeAHMMH pa3Mepamu B mnpexenax ~500 HM, Mexay
KOTOPBIMM pPacrojoKeHbl HAHOTPYOKkH ¢ pazmepamu 70-150 Hwm.

Pucynok 1 — MukpodoTtorpadus qudopuna maraus ¢ OYHT

B pesynbrare m3mepeHuil TeMmepaTypHBIX 3aBHCHMOCTEHl MAarHMUTHOTO MOMEHTa 00pa3ioB
cucteMbl Mg-B-OYHT o0HnapykeHO yMeHbIlIEHHe MarHUTHOTO MOMEHTA B MHTEPBAJIC TEMIIEpaTyp
38<T<50 K, koTopoe mpeamiecTByeT pe3KoMy OTKJIMKY MarHUTHOIO MOMEHTa B JIMaMarHUTHOE
cocrosune mnpu 1=39.5 K. TlomyueHHble JaHHBIE CBHJAETEIBCTBYIOT O 3apOKICHHUH
cBepxmpoBozsiei ¢asbl B 00pasiax cuctemsl Mg-B-OYHT npu temnepatype Tc=39.5 K.

Tabnuua 1 — CeepxnpoBoasiye cBoiictBa ais cuctemsl Mg-B+OYHT

Ne KpuTuueckas II0THOCTh Toka Je, Alcm?
Kpurudeckas | B OTCYTCTBUH IIpu IIpn
HanmenoBanue TeMmIieparypa BHEIIHETO BO3JEUCTBUN BO3JEUCTBUN
T, K OJIs, BHEIITHETO BHEIITHETO IT0JIS

0 Tecna noJig 2 Tecna 4 Tecma

1 | Cucrema *1 A8 *1 A7 *1 A7
Mg+B+0.5%0VHT 39,5 3,2*10 1,6*10 0,4*10

2 | Cucrema *1 (8 1 A7 *1 A7
Mg+B+1%O0VHT 36,4 2.4*10 0,7*10 0,4*10

3 | Cucrema *1 (8 *1 A7 *1 A7
Mg+B+5%O0VHT 39,4 0,6*10 0,4*10 0,3*10

CornacHo mosy4eHHBIM pe3yibTaTaM (Tabauna 1), MOKHO clesaTh BBIBOJ, YTO JOMUPOBAHHE
OVHT He cyuiecTBeHHO BIUsET Ha KpUTHYecKyto Temreparypy nepexona (T¢), kotopas ocraercs
NpeJeNbHO CTaOUIBHOM /715 BceX 00pa31oB. bblto 00HapyX eHo, 4TO KpUTHUECKas MIIOTHOCTh TOKA
(Je) B 3aBHCcHMOCTH OT conepxanust OYHT B mubopuie Maruusi K3MEHSIETCS B IMPOKUX TpeJieiax.

3akiarouenue

DKCTIepUMEHTAILHBIM MYyTEM YCTaHOBIEHO ONTHMAIBHOE COOTHOIIEHHWE KOMIIOHEHTOB ISt
MaKCHMaJIFHOTO BBIXOJa TOJIG3HOH CBEPXIPOBOJIAIICH (a3bl B Iporiecce TBepa0(ha3HOTO TOPCHHUS,
C y4eToM TMOTeph NIpH MEepexoje aTOMOB MarHus B Ta3000pa3HOE COCTOSIHHE IPH BBICOKUX
temmnepatrypax CB-cunTeza. OOHapyXeHO, YTO HATMYHUE JOMUPYIOIMIMX KOMIIOHEHTOB B MCXOJIHOM
CMeCH TPHUBOIUT K (HOPMUPOBAHHUIO TMOJIE3HBIX (a3, KOTOPHIE B CBOIO OYepelb, MOIOKUTEIHHO
BIIUSIIOT Ha CBEPXIIPOBOJAIIME CBOMCTBA KOMITO3WIIMOHHOTO MaTepuaia Ha OCHOBE TUOOpHIa
Mar”aus, ﬂCﬁCTBYH KaK IIMHHHUHI'OBBIC I.IeHTpBI.
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CorylacHO TPOBEICHHBIM MAaTEMAaTHUYECKHMM pacyeTaM, CaMOW ONTUMAJIbHOW 030U
JOTUPOBAHMSI, IPH KOTOPOUH JOCTUTACTCS HAWITYUIIUN MTOKA3aTeb INIOTHOCTH TOKa Jc, siBmsieTcst 0.5
macc. %.
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AHHOTAIIUSA

B pabore mnpuBemeHBl pe3ynbTaTHI HCCICOOBAHWN M0 W3YYCHHIO OOpa30BaHUS MPOMEKYTOUYHBIX YaCTHI B
COBMEIICHHOW pPEakIMOHHOW 30HE KOAKCHANBHBIX IUIAMEH OCH30JIa M aleTHieHa, OCH30Jla W JTaHOJNa, MpomaHa U
9TaHOJIA C IEJIBI0 CO3MIaHMsI METO/Ia YIIPABJICHHUS MPOIecCOM (POPMUPOBAHUS 33JAHHBIX KOHCYHBIX MPOYKTOB TOPEHHUS

[Tpon3BOACTBO WENEBHIX YIJIEPOAHBIX MATEPHATIOB B IPOLECCE OKHUCICHHUS WM MUPOJIN3a
YIIIEBOJOPO/IOB SBIISIETCS OJHUM M3 HauOojee paclpoCTPaHEHHBIX METOJOB, HCIOJIb3YeMbIX B
KPYITHOCEPUHHOM MTPOU3BOJICTBE. TeM He MeHee, HECMOTPsI Ha MHOTOUMCIICHHBIE UCCIIEIOBAHMUSA, 10
CHUX TIOp OCTalOTCS AaKTyaJbHbIMH THpPOOJEMbI, CBSI3aHHBIE C YIPABICHUEM MpoleccaMu
dbopMHpOBaHUS TPOAYKTOB TOPEHUS B IUIAMEHH, YTO OTPAHWYHMBAET JHUAIAa30H IEJIEBOTO
IPOM3BOJICTBA  YITIEPOAHBIX MaTEpUAIOB C 3aJaHHBIMU  CBOMCTBaMH IyTe€M CHKUTAHUSA
yIIIeBOAOPOAOB. Pa3BuTHE METOMOB SKCIIEPUMEHTAILHON TUATHOCTUKU CHEKTPOB TUIAMEH, 0Ka3aJio
CYIIECTBEHHOE BIIMSHUE Ha pa3BUTHE TEOPUHU LEMHBIX peakIMi W XHUMHYECKOM KHHETHKH.
[TpoBOIATCS MHOTOYHCIICHHBIE UCCIIEIOBAHUS CTPYKTYP IJIAMEH, C IIeNTbI0 YCTAaHOBHTH OCHOBHBIC
3aKOHOMEPHOCTH 00pa30BaHus MOJIMAPOMATHUECKUX coeuHeHuni. B pabore [1] nocTatouHo moaHO
M3y4eHBI BOIPOCHI, CBSI3aHHBIEC C IMpoIleccaMu 00pa3oBaHus (YJJIEPEHOB B OEH30J-KHCIOPOIHOM
muddy3noHHoM 1utaMeHu. B pabote [2] paspaboran meron cuHTe3a (yJUIEPEHOB B TOIYOJI-
KHCIOPOJAHOM ITUIAaMEHH M aBTOPHI COOOIIAIOT, YTO pa3pabOTaHHBIA METOJ MPHUTONEH ISt
MPOMBIIIJICHHOTO TPOM3BOJCTBA (PYJIEPEHOB /10 HECKOJIBKUX TOH B roja. B mocnmenHue ropabl
MOSIBUWJIMCH pa0bOTHI IO pa3pabOTKe METOA0B CHHTe3a rpadeHoB TuiameHu. Tak, B padbote [3] aBTOpHI
uccleoBaIn 00pa30BaHus TpaeHOBBIX CJIOEB Ha MOJIOKKE U3 HUKENS U MEIU C OJTHOBPEMEHHBIM
HCIIOJIb30BaHUEM JBYX IIaMeH. B pabote [4] mpouecc cuHTe3a rpadeHoB B MJIaMEHH MPOBOJIAT B
ropeiake o0co0Oi KOHCTPYKIMM C YEepeAyIOIIMMHUCS COIUIaMH, B KOTOPBIX OCYIIECTBIISETCS
OJTHOBpEMEHHOE ropeHue 1 y3MOHHOTO U MPEIBAPUTEIHHO-TIEPEMEIIAHHOTO TuTaMeHH. B 06enx
paboTax cooOmaeTcss O MPEeUMYIIECTBAX HCIOIb30BaHUS KOMOMHHPOBAHHOTO IIJIAMEHU IS
cuHTe3a rpadeHoB. K OCHOBHBIM IpEHMMYIIECTBAM METO/Ja MOXKHO OTHECTH CHHTE3 rpad)eHOB B
OTKpBITOM aTMocdepe, Majoe Bpems IMpolecca pocTa, OTCYTCTBHE JIOMOJIHUTENIbHBIX
SHEPreTUYECKUX 3arpaT Omarojaps A(PQPEKTHBHOMY HCIOIH30BAHUIO TOIUIMBA KAaK HMCTOYHHUKA
teruia. Ho, HecMOTpss Ha MHOTOYHUCIIEHHBIE HMCCIEJOBAHUS MPOIECCOB TOPEHHs 10 CHUX TOp
OCTAIOTCSI OTKPBHITBIMU BOTIPOCHI, CBSI3aHHBIE C MEXaHW3MaMHU 00pa30BaHMs KOHEYHBIX MPOJYKTOB
ropenusi. Mcxoas u3 BBIIEH3I0XEHHOTO, B TPEAJIOKEHHON paboTe NpPHUBEIECHBI PE3YNIbTaThl
WCCIIC/IOBAaHUA TIO0 TIPUMEHEHHIO KOAKCHAJbHBIX IUIAMEH pPAa3HBIX TOIUIMB IS YIIpaBJICHUE
MIPOIIECCOM TOPEHHUS.

WHcTUTYT Npo6JieM ropeHust

135



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanblKapaavlk cuMno3uymbl
«DU3UKA KOHE XUMHA KOMIPTEKTI 2KOHE HAHOSHEPI'ETUKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DPU3UKA H XUMHA YTJ/IEPOJHBIX U HAHOSHEPI'ETUYECKUX MATEPHUAJ/IOB»

[Ipouecc TOpeHHs TMpeAcTaBIsieT COOOW CIOXKHYIO LIEMHYK) XHUMHUYECKYI pEaKIHIo,
IIPOXOJALIYI0O YE€pe3 MHOMKECTBEHHBIE IapajUIebHbIE AJIEMEHTapHble JCUCTBUS: pEaKLUU
3apokaeHus (00pa3oBaHMe aKTUBHBIX PaJUKalIOB), pa3BeTBlieHUE (YBEIMYCHHE YnCia PaJuKaIoB B
peakiun), IpoIOJKEHNE U MpeKpalieHue enu (pagukaibHas pekomouHamus). CoctaB, CTpyKTypa
U CBOMCTBa 00Opa3yloIIMXCs MPOAYKTOB TOPEHUS B IUJIAMEHHM 3aBUCAT OT MPUPOJBI MCXOJHBIX
YacTULl U XUMHUYECKON KMHETUKHU 3TUX IpoleccoB. B HacTosIee BpemMs UCCiIeI0BaHus, CBA3aHHbIE
C 3apOXJCHHEM U POCTOM TBEPJOro YIJIEPOAHOTO MPOAYKTAa B IUIAMEHU YKa3bIBAIOT, YTO
pEaKIMOHHBIE MapIIPyTHl (POPMUPOBAHUS MPEKYpPCcOpoB apomaruueckux Mmoisekyn, C3H3, C4H3,
C4HS, C2H2, C3H2, C4H2 u C4H4, He SBIAIOTCA YHMBEPCAIbHBIMHU JUISl PA3JIMYHBIX BHUIOB
TOIUIMB M CWJIBHO 3aBHUCAT OT YCJIOBUM IMPOTEKAHUs MpOIecca, KOTOPBIM OnpeaensieT KUHETUKY
HapaOOTKH aKTUBHBIX paaukaioB mporecca ropenus OH, H, O, HO2, CH3, C2H, HCO, C2H3,
MOHOB W Moiekyn [5,6,7]. CoctaB, cTpykTypa W CBOWCTBa (DOPMHUPYIOIIMXCS TEPBBIX
apoOMaTHYeCKUX MOJEKYyN, UX POCT A0 MOJH-aPOMATUYECKUX NPOAYKTOB TOPEHHUS B IJIAMEHU
3aBHUCAT OT COCTaBa M KOHIICHTPALUHU OOPa3yIOIIUXCS MPOMEXKYTOUYHBIX YAaCTHI] U apOMaTHYECKUX
npekypcopoB. KomMOMHHPYS cCOCTaBbl MPOMEKYTOUHBIX YacTHUIl M TUIOTHOCTH apOMaTHYECKHX
MPEKYpPCOPOB MOXHO CO3[aTh YCIOBHsS HauOoJee BBITOAHBIC IS POCTAa TOIHM-apOMATHYECKHX
MOJIEKYJ, KOTOpbIE B JajbHEHIIEeM BBICTYMAIOT 3apOJbIIIaMid KOHEYHBIX MPOJIYKTOB ropenus. Tax
KaK pa3JInYHbIC KJIACCHI YIIIEBOAOPOAOB - U30 - U HOpMaJibHbIE MapaduHbl, 0J1e(QHUHBI, alleTUIICHBI,
HadTeHbl (IUKINYECKHE) U apoOMaTHYeCKhe UMEIOT WHAMBHUAyallbHbIE OCOOEHHOCTH HapabOTKU
apoOMaTHYECKUX IPEKYpPCOPOB U AKTUBHBIX PAJUKAJIOB - areHTOB DPAa3BUTHUS LIETHON peakuuu
TOPEHHs] U POCTa apOMaTHYECKUX KOJjell, MpeAcTaBiusercs 3(QQPEeKTUBHBIM HCIOJIB30BAHNE
KOMOMHAIMKM TPOMEKYTOUHBIX MPOAYKTOB OKHCIEHUS Pa3IUYHbIX THUIIOB yIJI€BOJOPOIOB C LEIbIO
MIOJIyYEHUSI apOMAaTUYECKUX MOJIEKYJ 3aJaHHOTO CBOWMCTBA M pa3Mepa. YTJIEBOJOPOABI MOXKHO
pa3fesNuTh Ha YEThpe OCHOBHBIX KJlacca: H30- W HOpMalibHble napaduHbl, HapTEeHBl H
apomatnueckue. OHH OTIUYAIOTCS (PU3UKO-XUMUYECKUMH XapaKTEPUCTHUKAMHU MOJIEKYT U, TaAKUM
00pa3oM, UMEIOT OT/EIbHbIE KHHETHUECKHE OCOOEHHOCTH B X0JI€ PEaKIIUi OKUCIIEHUS, BBIPAOOTKHI
paaukanoB U npoAaykToB. Hamu mpenmnaraercs opraHu3oBath MPOLECC CMEIIMBAHUS PEAKIIMOHHBIX
30H MpU KOAKCHAIbHOOM CKHTAaHUU Pa3IMYHBIX BHJIOB TOIUIMBA: HayallbHas CTaJus CKUTAHUS
Ka)XJOTO0 TOIJIMBA OCYILIECTBIISIETCS Ha OTAEIBHOM TOpENIKE C BO3MOXHOCTBIO MOCIEAYIOLIETO
00bEeIMHEHNs TJIAMEHM Ha Pa3HOM BBICOTE OT MAaTPHULBI TOPEJKU C MOCIEIyIOUUM 00pa3oBaHue
00BETMHEHHON pPEeaKIIMOHHON 30HBI. TakuMm o0pa3zoM, MpejiaraeMblii METOJ] MTO3BOJISET U3MEHSTh
COCTaB B3aUMOJICUCTBYIOIINX MPOMEKYTOUHBIX YACTHUI[ B 30HE PEAKIIMN KOAKCUAIBHOTO IIJIaMEHU U
TE€M CaMbIM KOHTPOJINPOBATH CTPYKTYPHBIE U TEMIIEPATYPHbIE XapaKTEPUCTHKH IUIaMeHU. B cTatbe
00CYXJIal0TCs pe3yIbTaThl UCCIIEJOBAHUSI.

B nensx co3zmaHus KOaKCHAIbHOTO TOpPEHMsI, 00ECIEeYMBAIOLIEr0 COBMEIEHUE 30H IIaMEH
pPa3IMYHBIX Ta3000pa3HBIX TOIUIMB, ObIa CIPOCKTHPOBAHA M CO3[aHa DJKCIEpUMEHTAIbHAS
ycTaHoBKa. OCHOBHBIM Y3JIOM YCTAHOBKHU SIBJIIETCS TOPEIOYHOE YCTPOMCTBO € KOAKCHAJIbHBIM
pacrnosjoxkeHuem AByxX comesl. KOHCTpyKIus TOpeoYHOro YCTpOiCcTBa IO3BOJIAET I10/AaBATh
OTJENbHO B KaXXJO€ COIUJIO pa3Hble BUBI TOMIMBA. KOHCTPYKIIMS TOpENKU CIPOEKTHpPOBaHA Tak,
YTO MOKHO II€pEMENIaTh COIUIAa OTHOCUTEIBHO APYT JIpyra MO BEPTHUKAIBHOW OCH, YTO IO3BOJISIET
peryiupoBarh OOIIYIO IUIOIIAJb COBMEIIEHHOM PEakIMOHHON 30HBI B KOAKCHAIbHOM IUIAMEHU
pa3HBIX TOIUTUB. YCTPOWCTBO KOAKCHAIBHON TpeNKH MHCTANIMPOBaHA TakuM o0O0pa3oMm, 4YTO
MO3BOJISIET CMENIMBAaTh IJJaMEHa Ha pa3jMYHbIX CTaJAMSIX pPAa3BUTUS PEAKIUH TOpEeHUs. ITO
MO3BOJISET U3y4aTh d(Y(EKT BIUSHUS CMEIIECHHUS TIPOMEKYTOUHBIX PAJUKAIOB, 00pa3yIOMIUXCS IS
Pa3HbIX TOIIMB Ha Pa3IUYHBIX CTAAMIX Ipolecca OKUCICHHs, Ha (OPMUPOBAHHUE apOMaTHUYECKHX
IIPEKYPCOPOB BBICTYIMAIOIINX B KAYECTBE 3apOJIbIIIEN KOHEUHBIX TPOJYKTOB FOPEHUS.

OTnuyuTeNbHON OCOOEHHOCTHIO KOAKCHAIBHOTO IUIAMEHU SBIISETCS TO, YTO MPOUCXOIUT
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MOBBILICHUE TEeMIIepaTypbl KaKk B COBMEIICHHOW PEaKIMOHHON 30HE TaK U IO BceMy 00beMy
mamend. K mpumepy miams mpormaHa B HalleM Cilydae HpU COXPAHEHUH OIPEICICHHOTO
COOTHOIIIEHUsI yriepoaa K kuciopoay He npesbimaer 830°C sranosma 860°C. Ilpu mporecce
OpraHM3aliy KOAKCHAJIbHOTO IJIAMEHH C COXPAHEHHWEM YCJIOBHM JUIsi 00OMX OTAETBHO B3STHIX
IUIAMEH KOTJa IpOIMaH MOJaeTcs MOCEepelrHEe, a 3TaHOJ IO Kparo IOBBIIICHUE TEMIEPaTypbl
nocruraer 3HadeHuss 915°C  npu paccrosaunm 100 MM or noBepxHocTu ropenku. llpu
PacroJOKEHUU HCXOTHBIX TOIUIMB, KOTJAa ATAHOJ MOJAETCS IMOCEpeArHE, a MpOHaH IO Kparo
IJJaMEHHU, TeMIlepaTypa IJIJaMEHUM 3HAYMTENIbHO BBIIIE, YeM IPU TOPEHHH YHUCTHIX TOIUIUB U
JIIOCTUTraeT MakCUMaJIbHOTO 3HaueHus 1150°C.

CocTaB MPOMEKYTOYHBIX YACTHUI] B UCCIEAYEMBIX IIaMeHaX ObUIM M3y4YeH C NMPUMCHCHHEM
MeToJ1a 30H0BOro oTOopa mpod DIIP ciekTpomeTpoMm, a TakkKe METOJIOM CHEKTPAaILHOTO aHAJIK3A.
[IpoBeneHHbIE HCCAEAOBaHUS TIOKA3aJd BO3MOXHOCTh PETyJIUPOBAHUS KOHILEHTPAIMOHHON
IUIOTHOCTU U COCTaBa MPOMEXKYTOYHBIX YACTHUI] B KOHKPETHOM JIOKATbHON 30HE MJIaMEHH, METOJ0M
OpraHu3alii KOAKCHAJILHOTO PEXHWMa TOPEHMsI Pa3HBIX TOIUIMB, YTO IO3BOJIAET  YIPaBJISAThH
mporeccoM 00pa3oBaHUsl KOHEUHBIX TPOAYKTOB TOPEHHUS.
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HAHOKOMIIO3ULIMOHHBIE CACTEMBI HA OCHOBE JUOKCHUJIA KPEMHMUS,
IMOJIYYEHHBIE MEXAHOXUMHUYECKOM U YJIbTPA3BYKOBOM OBPABOTKOM
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AHHOTAIIUSA

[Momy4yeHnto pa3IMYHBIX HAHOKOMITO3MIIMOHHBIX MAaTEpHANIOB yIenseTcs OONbIIoe BHUMaHWE. B HacTosmmiee Bpems
CYIIECTBYET MHOXECTBO METOJIOB IOJYYCHHUS HAHOIOPOIIKOB OKCHIHBIX CHCTEM, B TOM HYHCJE IHOKCHAAa KPEMHHUS,
KOTOPBII UCIIONB3YeTCS B KAUYECTBE HAMTONHUTEIS MOTMMEPHBIX W KOJUIOMIHBIX KOMIIO3UIUH. JTH KOMIIO3UIIUH MOTYT
HCTIONIb30BATHCS B JI€U€OHO-KOCMETHUECKUX Mpernaparax u CpeicTBax.

MHorue HaHOMaTepUaIIbl SABIISIOTCS HE OTIEIBHBIMH YacTUIIAMH HAHOPA3MEPHOTO MacITaoa,
a IpPEeJCTaBISIOT COOON CIIOKHBIE MUKPO- U MAaKpPOOOBEKTBI, KOTOPble HAHOCTPYKTYPUPOBAHbI Ha
MOBEPXHOCTH WM B oObeMe. Takue MaTepuasibl, OOpa30BaHHBIE C YYaCTHEM CTPYKTYPHBIX
HAHORJIEMEHTOB, XapaKTEpPU3YyIOTCS OCOObIM cOCTOsSHMEeM BemlecTBa. HauOonee spko 53T0
IIPOSIBIISIETCS NPU MOJTYYEHUH HAHOKOMIIO3UIIMOHHBIX CHUCTEM, UIPAIOIIUX KIIOUEBYIO POJIb MPU UX
UCMOJb30BAaHUU B MEIMIMHE U KOCMETHKE. B OOJBIIMHCTBE CBOEM OHHU MPEACTaBIAIOT COOOMN
CIIO)KHBIE CHUCTEMBI, COCTOSIIIME UX I'eJIEBOM OCHOBBI M HAHOJUCIIEPCHOTO HANOJHHUTENS, YaCTULIbI
KOTOPOT'O BBIMOJIHAIOT POJIb KOHTEHHEPOB JJIs1 aKTUBHBIX 100aBOK KOHKPETHOTO ()yHKIIMOHAIBHOTO
NeMCTBUS, OTIPEAEIAIONIUX U Ha3HAUYeHUE JaHHOTo npenapara. OqHuM u3 Hanbonee 3(pPeKTUBHBIX
HaTOJHUTENEH JUIsl CUCTEM JIedeOHO-KOCMETHYECKOr0 Ha3HAYEHMs SIBISETCS JUOKCHJ KPEMHUS
0COOEHHO B COYETAHUU C HAaHOYacTUIIaMU cepedpa [1].

PucyHoxk 1 — DiieKTpOHHO-MUKPOCKOIIMYECKHNE CHUMKH YacTHUI] IMOKCHIA KPEMHHS B HCXOJTHOM COCTOSTHHH () U
nociie 60 murytT MXO (6) u Y30 (B) B BOZHOM pacTBOpPE 3THIIOBOTO CIIUPTa

JIMOKCHJ KpeMHHs TOJBEprajcs CHadala MeXaHOXMMHUYeckod oOpabotke (MXO) B
MEJbHHIIE B TPUCYTCTBUHM BOJTHO-CIIMPTOBOTO PAacTBOpa B TeUeHMH | dYaca, a 3areM ele u
ynpTpa3BykoBoir o6pabotke (Y30). Ilocne MXO u VY30 wnHaOmomaeTcss Kak HW3MEHEHHE
JTUCTIEPCHOCTH, TaK ¥ MOP(OJIOTHHU YacTHIl (PUCYHOK] ).
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B wucxomnom cocrosnum yactunbl (pasmepom ot 10 mo 100 MKM) HMEIOT MOPHUCTYIO
CTpyKTYypy, mnpu MXO mnpoucxoauT HU3MEIbYEHHME [OpOLIKA U arJioMepUpOBaHUE
BBICOKOJIMCIIEPCHBIX YacTHll, a npu Y30 HabmogaeTcst 3po3usi HOBEPXHOCTH YACTHL], OTKAJIbIBAaHHUE
U paspyimieHue g0 Oosiee Menkux pasmepoB. B pesynbrare Y30 YacTHIBI UMEIOT PBIXIYIO
[IOBEPXHOCTb, YTO IOBBIMIAET AJACOPOILMOHHYIO CHOCOOHOCTh TMOKCHIA KPEMHHMs, a 3TO MMEET
BAXHOE 3HAYCHHUE IIPU MHCIIOJIB30BAHMM €r0 B KA4yE€CTBE HAIOJHUTENS B TEIUEBBIX CHCTEMAaxX
(bapMareBTUYECKOI0 ¥ KOCMETHYECKOr0 Ha3HAUYEHUS.

JUnisi IOBBIIIEHUS] AaHTUCENTUYECKMX XapaKTEPUCTUK CHCTEMBI B HEe BBOJWIM 30Jb cepedpa,
MOJIYUYEHHBIN B pe3ysbTaTe 3JIEKTPOIU3HON 00pabOTKH MUHEPAIbHON BOJbI HCTOUYHUKA «KOKTem».
Jis crabunm3anu HaHOYACTHUI[ cepedpa B BOAHOM PACTBOPE M COXPAHEHHS BBICOKOAKTUBHOTO
COCTOSIHUSL B CHUCTEMY BBOJWJINUCH PA3IMYHble OPraHUYECKUE COEIUHEHMs (JIMMOHHAs KHUCIOTa,
TJII0KO3a, JKEJIAaThH, TIHLEPUH, Telb Ha d(upa - HEUTI0JI03€ U APYriue UHTPEAUEHTHI), CIOCOOHBIE
¢dbopMHpOBaTh Ha IMOBEPXHOCTH METAJIMUECKOW YacTUIbl TOHYAMIINE CIIOM, MPENsITCTBYIOLINE
CIIMTIAHHIO YAaCTHUI[ M BBITIAJICHUIO X B 0CaI0K. YTOOBI 00ecreunTs MOIU(PUIIMPOBAHNE HAHOYACTHIL
cepeOpa OpraHMYeCKMMH MOJIEKYJIaMH, BOJIHbIE CEpeOpsiHbIE PACTBOPHI C 100aBKaMU OPraHUYECKUX
CTa0MIIN3aTOPOB  TOABEPTAINCH  YIBTPa3BYKOBOMY BO3ACHUCTBUIO. MEXaHMUYECKOE yIapHOe
BO3/ICHCTBUE MPH KABUTAIIMOHHOM 3((dekte [2] mpoxoxaeHus yibTpa3ByKOBOW BOJIHBI B BOJHOMN
cpelie NPUBOIUT KaK K pa3pyLICHUIO arperaroB, Tak U B3aUMOAEHCTBUIO TOBEPXHOCTU HAHOYACTHI]
cepeOpa ¢ XMMHYECKH aKTUBHBIMHU J00aBKaMH, MPUCYTCTByOLMMH B cpene [3]. B pesynbrare
dopmupyroTcs chepudeckre, JJOCTaTOYHO PABHOMEPHO paclpelelieHHbIe B JKHIKOW cpene
MOJU(UIMPOBAHHBIE HAHOYACTHUIIBI cepedpa. BuanuMmelil cpeqHuii pa3mep KpUCTalIuTOB OT 12 110
25 nHaHomeTpoB (pucyHok 2). Takas cucrema ycTOWuYMBa K arjioMepaluy 4acTull cepedpa, a
0c00eHHO BBICOKUH 3(h(heKT cTabuIn3aum OblI MOTyYeH ISl CUCTEMbI, 00pa00TaHHON TIIHOKO30M.

PucyHok 2 — DieKTpOHHO-MHUKPOCKOIMYECKHUE CHUMKH HAaHOYACTHI] cepedpa, MOAN(PHUIIMPOBAHHbIE TIIFOK030H (a),
runepuHoM (0) 1 sxeTaTHHOM (B)

Crabunu3anusi  BBICOKOAKTHBHOTO  COCTOSIHMSI ~ HAaHOYacTWI[ cepebpa  00ycioBiieHA
o0pa3oBaHHEM IMOBEPXHOCTHOH IJICHKH, KOTOpas HE MPOSBISAET CTPYKTYPHOW YHMOPSIOUYEHHOCTH,
T.c. amopdHas [4]. B pesymbrare kaBuTarmoHHOro 3¢ ¢eKTa Npu YILTPa3BYKOBOW 00pabOTKe
cepedpocofiepKalinX BOJHBIX PACTBOPOB ¢ J100aBKaMH OpPraHMYECKUX CTaOUIU3aTOPOB
MPOUCXOAMUT IOMOJIHUTEILHO BOCCTAHOBIICHHE cepedpa (Tabnuia 1).
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Tabnuna 1 — V3MeHenue conepxaHus cepedpa B BOJHOM PacTBOPE OT BPEMEHHU YIbTPAa3BYKOBOTO
BO3JICHCTBUS ¥ BUIa MOAUDHUIIUPYIOMIUX T00aBOK

Bpewms Coneprxanne cepedpa, MI/1

Y30, Momuduxkarop, 1%

MUH I'moxo3a ['munepun Kenatun
- 9,9 11,2 17,2 11,5
1 11,2 154 17,6 19,5
2 145 28,1 21,7 21,9
4 24,9 25,6 19,2 21,5
6 17,9 19,6 19,8 18,5

[Ipuyem onTuManabHOE BpeMsi 0OpPaOOTKHM cocTaBisieT 2 MHHYTHL. [lpu  yBenudeHun
MIPOJIOJKUTEILHOCTHA YJIBTPA3BYKOBOTO BO3JCHCTBUSI MPOUCXOTUT HATrPEeB pacTBOpa, YTO BJICUET
HapyIlIeHHe CTaOWIBHOCTH CHUCTEMBbI U BO3MOXKHOE OKHCIICHHE YacTHIl cepedpa. MakcumaibHbIe
3HAYEHMsI IO COJIEPKaHUIO0 HOHOB cepedpa B BoJie MmoayyeHbl ociie Y30 B MPUCYTCTBUH TIIFOKO3HI,
KOTOpasi OJTHOBPEMEHHO BBIIOJIHSIA POJIb CTAOMIM3aTOpA.

[Tocne Y30 301 cepebpa BBOAWICS B AMOKCHUI KpeMHHUs, Takxke npomenmui ¥Y30. 3atem
KOMITO3HUIIUS TIepEeMEIINBaIach U TMOBEpPrajiach yJIbTPa3ByKOBOW 00paboTke B TeueHue 10 MHHYT.
B pesynbraTe ObUT TOMyYeH KOJUIOMIHBIA PACTBOP HACKHIIICHHOTO CepeOpOM IHMOKCHUAA KPEMHUS
(pucyHok 3).

PucyHok 3 — DiieKTpOHHO-MUKPOCKOITMYECKHE CHUMKH B ITPOCBEYHMBAIOIIEM MUKPOCKOIIE BHICYIIEHHBIX CUHCTEM C
nuokcuaoM kpemuus ociae MXO (a) u Y30 B mpucytcTBuH 30115 cepedpa (0)

VYapTpasBykoBass o0pabOTKa CIOCOOCTBYET MOBBIIMICHUIO CTETICHH JUCIIEPCHOCTH CHCTEMBI.
Ha pucynke mnpeacraBieHbl KOHTJIOMEPATHI, COCTOSIIME W3 YaCTHI[ pPa3MEpOM HECKOJIBKO
HaHoMmeTpoB. CHIDKEHHE pa3Mepa YacTHI] 0OeCIIeUunBaeT MOBBIIMICHHYIO CTAOMIBLHOCTD W JIydIee
MIPOHUKHOBEHHUE B KJIETKH TKaHH KOKHOTO IMOKPOBA HAHOIMYJILCHOHHOTO Mpernapara.

KoMOuHammsi TeyileBbIX OCHOB M OCEpEOPEHHOTO 30J1s JIUOKCHAA KPEMHUS HalpaBjiIcHa Ha
CO3/IaHH€ Ma3eBbIX CHCTEM KOCMETHYECKOTO JEHCTBHUS MO BOCCTAHOBIEHHUIO M BIArOHACHIIICHHIO
KOXXHOI'0O TIIOKpPOBa, 4 pasMArdCHUI UW pasrjaXuBaHUSA MOPHIMH, a TaKXKE C YU4CTOM
aHTHAJUIEPTHYecKoro AeicTBus. DyKIMOHATBPHOE Ha3HAYEHUE OIpeNeseTcs] BBOAUMBIMH B
npernapar OWOJOTHYECKH AaKTUBHBIMH J00aBKaMH KaK CHHTETHUYECKOTO, TaK M PACTUTEIHLHOTO
MMPOUCXOKIACHUA.
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HHOJYYEHUE U IPUMEHEHUE HAHOCTPYKTYPUPOBAHHbBIX COPBEHTOB HA
OCHOBE ITPUPOJJHOI'O TPA®UTA

J.M.Aman:xoi0Ba, K.K. Kynaiioeprenos
Kazaxckuit HaMOHABHBIN YHUBEPCUTET UM. allb-Dapabu, Amarsl
dina.amanjolova@mail.ru

HauOonee onacHbIM JuIs apKTHMYECKMX aKBAaTOPUM CUMTaeTcs XMMHUYECKoe He(pTsHOoe
3arpsi3HEHUE, MOCKOJIbKY HU3KHE TEMIIEPATypbl OKPYKAIOIIEH Cpesibl CIOCOOCTBYIOT 3aMeIJIEHUIO
mporecca Jerpajaiu HeTH M Kak CIIEACTBUE — HAKOIUIEHUIO HE(TSIHBIX YIJIEBOJIOPOJIOB B
MOpCKUX opraHusmax. [Ipu (QHU3MKO-XMMHYECKOM METOJe OYUCTKH BOJABI OT HE()TH U3 BOJIBI
YIQIAIOTCS TOHKO JTUCIIEPCHBIE U PACTBOPEHHBIE IPUMECH U PA3PYLIAIOTCS] OPraHUYECKUe U MI0X0
okHcisieMble BemecTBa HedgTu. Yame Bcero w3 (DU3MKO-XUMHUYECKHX METOJIOB MPUMEHSETCS
KOaryJisilusi, OKMCIeHue, aacopOouus, 3kcTpakius u T.1. [TosTtoMmy cospena octpast HEOOX0AUMOCTh
OCHOBBIBasICh Ha MPHUHIMIAX HAHOTEXHOJOTMM CO3JaHUsl NPUHLIUIUAIBHO HOBOIO IOKOJEHHS
COpOEHTOB MpeIHAa3HAYEHHBIX U1 OYMCTKU BOJBI B NPOU3BOJCTBEHHBIX MacwTabax. B pabore
packpbIBatoTCA MPOOJIEMbl OYMCTKH MPUPOJHBIX BOJ. 3arpsi3HEHHAas BOAA HETaTUBHO BIIMSET Ha
4eJIoBeKa, BOJHBIX oOurTaTeneil, pacreHHM U MHKpoopraHusmoB. OnHuM u3 Haumbosee
MEPCTIEKTUBHBIX U 3((PEKTUBHBIX METOJIOB OUYMCTKU BOJBI SIBISETCS COPOLIMOHHBIN MeToll. B xoze
IIPOBE/ICHHBIX HCIBITAHUM yCTaHOBJIEHA HMX 3(P(PEKTUBHOCTb MOIJIOMIEHUS HEPTENPOIYKTOB, a
TaK)X€ SKOHOMHYECKAas pallMOHAIIBHOCTh UCIONIb30BaHus. [lonydyeHHble COpOEHTHI HE YCTYMaloT 10
copOuu He(pTENPOYKTOB U3BECTHBIM MPOMBIIIICHHBIM copOeHTaMu. Llenb HacTosmelt paboTsl —
HCCIIeIOBaHNEe HAaHOMAaTEepUaJIOB HAa OCHOBE YIJIEpO/a /ISl UCIIOIb30BAaHUS B OUMCTKE BOJIBI.

HccnenoBanust ObUTH BBIIIOJHEHBI C YellyWyaThiM NpupoaHbiM rpadutom (UIIT) puc.l u ¢
Pa3HbIMH COJISIMH, B COOTHOILLIEHUH &:2:

1) XKemne3so (I) ceprokucnas 7-oanas (FeSOs);

2) Maranen (1) ceprokuciblit 5-Boanbii «aucTbIi» (MNSO4)

3) Kanwmii aByxpomoBokucisiii kanuit (K2Cr207);

4) YKene30aMMOHUITHBIC KBACIIHI «4.]1.2.%;

5) Maruuii xnopuctsiii (MgCL?);

6) Xmopun xenesa (FeCls).

BsaumozieiicTBie 06pasiioB MPOBOMINCH TIPH  pas3HBIX TemmepaTypax ot 300°C mo 800°C B
mydenbHoil meun. KoHeuHbll pe3ynbrat- 3T0 TepMmorpaduueckuir rpadpur (TPI).
YepBeoOpazHOCTh KOHEYHOT'O IPOAYKTa ONpeAessieTcs: o 00beMy, yeM 0oJbIle 00beM, TEM TOUHEe
BEPOATHOCTh KOHEYHOTo IMpoaykra. OOBbEM OmpeneruM MEXaHHYEeCKUM ITyTeM, MEepEeMECTUB
KOHEUHBIH MPOJIYKT B IMIIUHP.

Ha pucynxke 2 npuBogsrcs otorpaduii SKcIepuMenTa, KoTophle Bhmonasmich mpu 300°C,
400°C, 500°C npm 5 muHyTax, uTo ToOKa3ano HaM, uyTo TPI He moTyumics HpU JaHHBIb
TeMIeparypax M BpeMeHH 5 MHHYT. Eciu mpucMOTpeTbcsi MOKHO YBUJIETh JIMUIb CILJIaB JIBYX
KOMIOHEHTOB. Ha 1aHHOM puCyHKe OBUIM MCTIOIb30BaHbl TAKUE BUJIBI COJICH:

1) XKemneso (I) ceprokucnas 7-ognas (FeSO4);

2) Marasern (I1) ceprokucibiii 5-BoaHbIi «auCThIi» (MNSO4)

3) Kaymii nByxpomoBokucieiii kanuit (K2Cr207); 4) XKenezoamMoHUITHBIE KBACIIBI «U.11.a.);
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5) Maruuit xnopucteiii (MgCL2); 6) Xumopun xeneza (FeCls) u YenryituarsiM mpupoIHBIM
rpapuToM.

Puc.1 — YemryiiuaTslit mpupoaHblii rpadut

! b |
.\\ ’15- .
A== )
)
i
” .I“

Pucynok 2 — PesynsraTs! npu 300°C, 400°C, 500°C mpu 5 MMHYTHOM BpEMEHH.

Ha pucynke 3 MBI MOXeM YBHUIETh T€ >K€ COIU BO B3aUMOJICHCTBUU C YEIIyHYaThIM
IIPUPOJIHBIM TPadHUTOM B COOTHOMIEHHHT 8:2, TonbKko npu Temmepatype 800°C, 5 MunyTax. 3mech xe
MOKHO YBHJIETh M JIUIIE3peTh, uTo TPI" momyduiics oTU4eT/IMBO C ONpeAeeHHBIMUA COJISIMU: KaJTHi
neyxpomoBokucieiii  (KoCro07) m xmopuma sxenesa FeCls. Her cmimaBoB, HO — 4YeTKO BHJIHO
4epBeOOpPa3HOCTh KOHEYHOTO MPOAYKTa ¢ ABYMs coisiMu. COOTBETCTBEHHO - 3TO M €CTh
TepMorpaduueckuii rpadUT KOHEUHBIX MMPOAYKTOB onpeneneHHbix coneit u UIll.
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Pucynok 3 — PesynbraTs! nipu 800°C pu 5 MUHYTHOM BpeEMeHH

Taxum obpa3om, 6osee TOUHbIE pe3yabTaThl ObUIN MOTY4EHBI IPU UCHOIB30BAHUMN 2-X COJEH:
Kamuit aByxpomoBokucibiii (K2Cr.07) u xnopuna xenesa FeCls. Ilpu ycnoBusix: temmepartypa
800°C, npu 5 munyTtax. ITonydeHHbIe 0OpasIbl MPEACTABIAIOT COOOH YHHKANbLHBIE COPOEHTHI, B
HOBOM ITOKOJICHHH UCIOIh30BATh MX B KAUECTBE OUYMCTKHU BOJBI OT HEPTH.

Jlureparypa

[1] Md Shahinoor Islam. Kerry N. McPhedran. Selamawit A. Messele. Yang Liu. Mohamed
Gamal EI-Din Isotherm and Kinetic studies on adsorption of oil sands process-affected water
organic compounds using granular activated carbon. Chemosphere 202 (2018) P.716-725

[2] J.0. Nwadiogbu. V.L.E.Ajiwe. P.A.C. Okoye Removal of crude oil from aqueous medium
by sorption on hudrophobic corncobs: Equilibrium and kinetic studies // Journal of Taibah
Univesity for Science 10 (2016) P.56-63
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T'A30BbIIA CEHCOP HA OCHOBE HAHOPA3ZMEPHOI'O TMOKCHUJIA TUTAHA JIJISI
OBHAPY/KEHUS TOJYOJIA

Temupraauesa A. H., Jlecoaes b. T.
Kazaxckuil HanMoHanbHbIH yHUBEpcHTET UM. Anb-Dapadu
ainura.temirgaliyeva@mail.ru

Tonyon (C6HSCH3) - OecuBeTHass MOABMJKHAS JIETydas >KMJKOCTh C PE3KUM 3amaxom,
MPOSIBIISICT CJIA00€ HAPKOTHUYECKOE NEHCTBUE, HE pacTBOPUMAs B BOJE, XOPOIIO PACTBOPSETCS B
OpPraHUYECKUX pPAaCTBOPHUTENSAX, pacTBOpseT moiauMmepsl. [lapbl Todyonma Jierko 0oO0pa3yroT
B3pPBIBOOIIACHBIC CMECH, BOCIUTAMCHSIOIIMECS JaKe OT HUCKPBI CTAaTHYECKOTO DSJICKTPUYCCTBA.
Bo3zeiicTBue HHM3KUX KOHIICHTPALMH TOJNIyoJda B TEYCHHWH KOPOTKOTO BPEMEHH pasjpa)act
IBIXaTeNbHBIC IIYTH, a JUIMTSIBHOE BPEMs JKCIIO3UIMU MOXKET TPHUBECTH K CEPHhE3HBIM
3a00J1€BaAHUSIM.

HenaBHO mpoBeeHHBIC HWCCIICOBAHMS ITOKA3alio, YTO HAHOPA3MEPHBIH JHOKCHJ THUTaHA
MOKEM HCIIOJIb30BaTh B KQ4€CTBE OCHOBBI ISl Ta30BBIX ceHCOopoB. Hanomopomok TiO2 obGnagaet
BBICOKOW TIPOBOJMMOCTBIO M HMMEET OTBEPCTHsI B KauecTBE HOCUTENeW Toka. Ero ceHcopHoe
YCTPOMCTBO OCHOBAaHO HAa W3MEHCHHUSX B DJICKTPHUUYCCKHX CBOMCTBAX, KOTOPBIC MPOUCXOIAT TPH
MOMOIIH TIepeIavyu 3apsiia, Korja MaTeprall oIBepraeTcs ACHCTBHIO IIEJICBBIX T'a30B.

Ilenp mMpOBENEHHOTO WHCCIENOBAHUS — HW3YUYEHHE CBOWCTB MOPOINKA IHOKCHIA THTaHA,
CUHTEC3UPOBAHHOTO C HCIIOJIb30BAHHEM COHOXMMHYECKOTO (yJIbTPa3BYKOBOTO) MeETOJa B
JalbHENIIIeM MOTYYeHHS Ha €r0 OCHOBE CEHCOPOB I 0OHAPYKEHUSI TOKCUUECKUX Ta30B.

JKCNepuMeHTAIbHAA YaCTh

TecTupoBaHue YUIIOB BBINOJHAJIOCH B ra3oBoi kamepe(4) 20 cM3, ¢ cyMMapHbBIM pacxoJoM
500 mia/MHMH aMMuaka, CMEIIeHHOTo ¢ Bo3ayxom(1,2), ¢ KoHIeHTpauued mapoB Toiyona(3).
DOneKTpuYecKrue u3MepeHusi MpoBoauiuck ¢ wucnonb3zoBanueM VersaSTAT MC(AMETEK,
Princeton Applied Research) ¢ momorpio yetbipexnpoBoanoil uuaukanuu B 1 B(5). U3nauanbHo,
BCE YMIIbI MMPOJYBAIM CYXUM BO31yXoM (00BeMHBbIN pacxona coctaBuia 500 mi/MHUH) 10 TexX MOp,
MOoKa HE CTa0MIIM3UpYeTCS HIIEKTPUUYECKHM CUTHal. 3aTeM MX MOJBEprajd BO3JEHCTBHIO MapoB
tonyona Ha 100, 250 unu 500 u/miuH, nporekatomuii mpu 500 mi1 / MUH, 10 TE€X MOpP, TOKAa CHUTHAI
HE JIOCTUTHYJI YCTOMUMBOTO COCTOSIHMS. B KauecTBe cieayromero mara, Yuibl MpogyBald CyXUM
BO3JIyXOM, JJIsi TOTO, YTOOBI ONpPEAETUTh BIUSHUE XeMOCOpOIMH (HeoOpaTHMble MpPOLECcChl) Ha
nporecc cuuThiBaHUs. Uunbl, 00paboTaHHBIE TAKMM METOAOM, B JaJIbHEHIIEM TECTHPOBAJIM Ha
MpeIMET CUMUTHIBAHMS MPHU MOMOIIKM 00paTUMBIX MPOLIECCOB, MOABEPrajld UX JACHCTBHUIO TOIyoJa B
Te4YeHHUe 2 MMH, a 3aTeM MPOyBaJIH BO3yXoM B TeueHue 10 MuH.

Pe3yabTaThl M 00Cy:KIeHUE
Hcnonp3yem 3akoH Oma 1151 TOJTHOW LIEJIH:

I=U/R

Otcroma HaxomuMm conpotuBieHne — R=U/l, ngamee Haxomaum HOpPMaIM30BaHHOE
compotuBieHue - Ruopm = Ro/ R1, R2, R3...R33
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PI/IC. 1 — CXeMa yCTaHOBKI/I HpOBeZ[eHHOFO 3KCHepI/IMeHTa.

Ha pucynkax - 2,3,4 moka3aHbl HOpMHUpPOBaHHbIC HM3MeHEeHHUs comnporuBieHus (Rt Ro-1)
HaHoTiO2, korma mepBOHAYAbHO CTAaOUIU3UPOBANIOCH BO3AYXOM, Jajnee MOABEPraliuch
BO3JICHCTBUIO IApOB TOJYyOJIa, a 3aTEM H3BJIEKAIMCh HAa BO3AyXe. MUKpPOUMIIBI C IOKPBITUEM
HaHoTiO2 umerot compotuBienue 10.98 Q . HecMmoTpss Ha TO, YTO yAEIbHOE CONPOTHUBIICHUE
CUCTEM BEJIMKO, OHO MOXKET 00€CIIeUNTh U3MEPUMBII NEKTPUUYECKUIN CUTHAII BO BpEMs IIPOLIEAYPbI
u3Mepenus. HaHoTiO2 mMOABEPrHYTHIM BO3ACMCTBUIO TOJYOJNa, JAEMOHCTPUPYET IOCTEIIEHHOE
YBEJIMUEHUE CONPOTUBIICHUS OT HMXKHEH 10 cpelHed KoHueHTpauuu Ha 12.5%, or cpenHeit 1o
BBICOKOM KOHIIEHTparuu Ha 27%.

N3meHeHrne HOpMaIM30BaHHOTO CONIPOTUBIIEHUS HAXOAUM 110 (pOopMyJie IPUBEJCHHON HUXKE:

ARIRO (%) = (Rf - Ro)/Ro * 100%

rae, Rf — koneunoe conportuBiieHne
RO — HauanbHOE COMPOTHUBIICHUE

Ha pucynke 5 mokaszaHo, 9TO Il CEHCOPHBIX YMUIIOB Ha OCHOBE HAHOPA3MEPHOTO JAHOKCHIA
TUTAHA CYIIECTBYET JIMHEWHAs TEHACHIUS HOPMAJIM30BAaHHOTO COMPOTHUBIIEHUS C YBEIMYECHHEM
KOHIIGHTpAllUd TIapOB OPraHWYECKOTO BEIISCTBA. [aKoe TOBEACHHUE SIBIISIETCS >KeIaTebHOU
0COOEHHOCTBIO Ta30BOT0 JIATYHKA.

[IpuBenenHoe BbINIE HAOMIOJEHWE YKA3bIBAET HA TO, YTO YYBCTBHUTEIIbHBIA MEXaHU3M HE
M3MEHSETCS C YBEIMUYEHHEM KOHIEHTPALNH rasa.

DTa TMHEWHOCTh TAK)XKE YKa3bIBAa€T HA TO, YTO MOPHI HE 3ATMOJIHSIIOTCS, KOTJ]a HAHOPAa3MEPHBIMA
JUOKCUJT THUTAaHA TOJBEPraloTCs BO3JECUCTBUIO TOJyoda IMPU BBICOKOW KOHLEHTpAalMud B
HCCIIeyeMOM OpTaHMYecKoM BeriecTBe. bosee mmmTenbHOe BpeMs BO3IEHCTBHS Ha 00jiee BHICOKHE
KOHIIEHTPAIIUU TOJIyoJa OyAeT MPUBOAUTH K OOJIBIIIEMY CUTHAITY, TOCKOJBKY OOJIbIIIee KOTUYECTBO
mapoB ToJiyojia OyaeT (U3HYECKH aacopOMpPOBAaHO B CTPYKTYype MHKPOTOpP U ME30MOop, UTO
MpUBEAET K 0oJiee MOTHOMY 3allOJTHEHHIO TIOP.

Bonee BbICOKOE OTKIIOHEHHE OT JIMHEHHOCTH MPU HU3KOW KOHIICHTPAIIMH TOJIYOJIa CBSI3aHO C
OoJbIIIel OMIMOKOM B OTHOIIIEHUH 3TOM KOHIIEHTPALIUH.
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Puc. 2 — 3aBucumocTh HOPMaJIM30BAHHOT'O COIMPOTHUBJICHUA Ha IMTPOBEACHHOC BpEMA IIPU HHU3KOM KOHICHTpaluu 1mapoB
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Puc. 3 — 3aBucumocTs HOPMAJIM30BAHHOT'O COMMPOTUBJICHUSA HAa IPOBCACHHOC BPEMS IIPU CpeZ[HCfI KOHICHTpaluu 1apoB
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Puc. 4 — 3aBucHMOCTS HOPMAJIM30BAaHHOT'O COMIPOTHBIICHHS Ha MPOBEACHHOE BPEMS IIPH BHICOKOH KOHIICHTPAIINHU TapOB
TOJIyoJia
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Puc. 5 — 3aBHCMMOCTh H3MEHEHHUS] HOPMAJIM30BAHHOTO CONPOTHUBJICHHS HCClelyeMbIX 00pas3ioB nanoTiO2 ot
KOHLIEHTPALUH TOJIyoJIa

HpI/I 9TOM, NPCACTABJICHHBIC HAMH PE3YJIbTAThI, ABJIAIOTCA OYCHb ICPCIICKTHUBHBIMU JI1
IMPUMCHCHUSA HAHOPASMCPHOI'0 AJHOKCHJAa TUTaHAa B Ta30BbBIX CCHCOpAX, TaKKEe HGO6XOI[I/IMI)I
HaﬂbHeﬁMHe HCCIICOOBaHUA, YTOOBI JIyqlie HOHATh MEXAaHU3MbI 30HANPOBAHUSA U OIITUMHU3UPOBATH
CUTHAJI JaTYMKOB M UX CHGIII/I(bI/I‘-IHOCTI).
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PRIMER EXPLOSIVE SYNTHESIS IN MICRO-SEGMENTED FLOW

Ruiqi Shen, Yinghua Ye, Peng Zhu, Shuangfei Zhao, Wei Zhang, Yong Yang
School of Chemical Engineering,
Nanjing University of Science and Technology,
200 Xiaolingwei, Nanjing 210094, China

ABSTRACT: Synthesis process of primary explosives, such as azides and styphnate salts, is a
dangerous process, but it is safety when synthesis is below critical diameter of explosives. A new
concept of safety synthesis in which synthesis is below critical diameter is put forward and
demonstrated in the paper. Experiment and simulation results indicated the segmented flow is a
perfect micro flow to synthesize primary explosives in which the segmented flow is efficient to mix
reactants and to protect crystal products from blocking of microchannel. Experiment results shown
that the productive rate, purity and released heat of lead trinitroresorcinate (LTNR) synthesized by
segmented flow reactor are better than the conventional batch reactor. Surfactants and ultrasound
are efficient methods to control crystal forms and granulity of LTNR.
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HHOJYYEHUSA HAHO-PASMEPHbBIX BOJIOKOH JJISI ®POTOKATAJIMTUYECKHUX
HOKPBITUA HA OCHOBE TUTAHATA CTPOHIIUA

Bak6oaar b., layn6aes Y. B., !Cyaranos @.P.,
’Kyrepoexos K.A., 2Bekmbip3a K.

MuctuTyT mpobaem ropenns, 050012 Anvarel, Kazaxctan
Eppasuiickuii HatuoHanbHbl yausepcuter umenu JL.H. Cymunesa, Acrana, Kasaxcran

AnHoTanus. [IpencraBneHsl pe3yabTaThl HOMYyYCHNS HAHO PA3MEPHBIX BOJIOKOH IS (POTOKATATMTHYECKUX MOKPBITHI
Ha OCHOBE THTaHaTa CTpoHHUS. lccnmemoBaH mporecc 3IeKTpoGOPMUPOBAHHMS HAHOPA3MEPHBIX BOJOKOH IO
JIEUCTBHEM 3JIeKTpHIecKoro moist. [lodydeH THTaHAT CTPOHLMS CIICKAaHWEM OKCHIOB THTaHA W CTPOHIMSA B aTMochepe
Bo3nyxa mpu temneparype 1200 C. Oxcuabl CTPOHIMS W THUTaHA CMEIIMBAINCh C YYETOM CTEXHOMETPHUYECKOTO
COOTHOUICHHS U CHIEKAJNCh B CHIIUTOBOI MEYH B TEUCHUH 2 1.

BBenenue

DnexkTpohopMHUpOBaHHE HAHOPA3MEPHBIX BOJOKOH SIBISIETCS MPOCTHIM U JOCTYIHBIM
CIIOCOOOM IS TIpolIecca MOJIYYEeHUSI HAaHOPAa3MEPHBIX O0BEKTOB, KOTOPOE MPEACTABISIET MPOLECC
MOJIy4YEHUsI HAHOBOJIOKOH, MCIYCKaeMble M3 Kallld >KUAKOCTH TII0J JI€UCTBHUEM CHIJIBHOTO
anekTpuyeckoro mons [1]. B mpouecce anexkTpodopmHpoBaHHs, CTPYsl  BBITSTUBAETCA
AJEKTPOCTATUUECKUMHU CHJIAaMHU U CHJIAMH TsDKECTH. [Ipu 3TOM MpPOMCXOIUT BBITEKAHUE pacTBOpa
KUJKOCTH W3 KOHYMKA IIMPHUIA TOJ BO3JCHCTBUEM MEXaHMYECKOM CHJIBI U OJHOBPEMEHHOE
JICICTBUE BHEIIHETO 3JIEKTPUYECKOrO0 CHUJIOBOTO TOJII HAa BBIXOAANIYIO Karuio. B pesynbraTte
OJIHOBPEMEHHOTO JIEWCTBUS MEXaHUYECKOI'O BBIJIABIMBAaHUS PAcTBOPA, 3JIEKTPUUECKOTO MO U
MOBEPXHOCTHBIX CHJI HATSHKEHUS PAcTBOpa B Karjle 0o0pa3yercss MOJOKUTEIBHO 3apsKEHHBIS
YaCTHUIIbI, KOTOPBIE TOJ| JEHCTBUEM KYJIOHOBCKHUX CHJI OTTAJIKWBAHMS BBITATHBAIOTCS, 00pa3ys
ctpyto [2]. ITocne Toro, Kak CTpys NEpPEXOAUT OT KoHyca Teinopa B MOYTH NPAMYIO JIMHHUIO,
JBIDKEHUE KUAKOM CTPyH TOABEPraeTcs pa3jiudyHbIM CHJIaM, TaKUM KakK KYJOHOBCKas Cuia
ANEKTPUYECKOTO MOJs, MPUIOKEHHON BHEUIHUM 3JEKTPUUYECKUM IOJIEM, CHJIbI MOBEPXHOCTHOTO
HaTSOKEHMsI, TPAaBUTALlMOHHOM CHJIe, M CUJa CONPOTHBIICHHSA Bo3ayxa. lcmonb3ys pasiuuHble
KOHCTPYKIUU U MOAU(DHUKAIIUU anlapaTypbl, METOAOM 3JIEKTPO(HOPMUPOBAHUS B HACTOSIIEE BPEMS
MOJIy4aloT HAHOBOJOKHA U3 CaMbIX pa3HbIX MaTepuajgoB — TMOJMMEpPOB, KOMIIO3UTOB,
MOJIYIIPOBOJIHUKOB, MeTaioB, kepamuku [3]. Ha pucynke 1 mnpeacraBieHO cXxeMaTUYHOE
n300pakeHNe YCTaHOBKH.

Bricokoe HampsikeHue MoAaBalioCh Ha JBAa 3JIEKTPOJAA, OAMH M3 KOTOPHIX HaXOIWJICS Ha
CTEKJITHHOM TUIaTe, a BTOPBIM OblIa uria. M3 urisl moa AeCTBHEM IIMPUIIEBOTO HAcOCa CKOPOCTh
KOTOpPOro cocrtaBisia 1,5 mu B 4ac, BBIIABIMBAJICS PACTBOP, W3 KOTOPOIrO MOJ JEHCTBUEM
ANEKTPUYECKOTO TOJIS MOJydall HaHO-Pa3MEPHBIX BOJOKOH JUIsl (POTOKATATUTUYECKUX MOKPBITUHA
[4].

Jljig mosydeHus HaHO-pa3MEPHBIX BOJIOKOH JUIsl (POTOKATATMTUYECKUX MOKPBHITUNH HAa OCHOBE
TUTaHATa CTPOHIUS OBbUT MPUTOTOBJIEH PACTBOP, COCTOSIIMI W3 MOJUMEPHON COCTABISAIOIICH H
pacTtBopa  mpekypcopa. Jlms  momuMepHOW — cOCTaBisIOmed — pacTBopa,  ObUT  B3ST
MOJIMMETUIIMETAKpUIIAT B KOJMYECTBE | Tp KOTOPBIH OBLIT pacTBOPEH B 5 MJI IUXJIOPITAHA.
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Pucynox 1 — CxemaTinyHoe n300pa)keHHe SKCIIepUMEHTAIbHON YCTaHOBKU

PactBop mpekypcopa coctostn u3 turaHara crponius SrTiOz B konuuectBe 1 rp KOTOpBIH
ObuT T00OABIIEH K 3 MJI 3TaHOJIA M 3aTeM pacTBOp nepememuBaics B tedyenne 10 mun. [lomyyennsle
pacTBOPHI MOJIMMEPHOI COCTABIISAIOLIEH U MpeKypcopa ObLIN MepeMeriansl B TeueH 30 MUHYT Ha
MAarHuTHOM MeIIaJIKe.

KoHI1eHTpaluss MCXOJHBIX PEareHTOB pacTBOpa A 3JIEKTPOoPpOpPMHUPOBaHUS MOAOUpaIach
sKcIepuMeHTanbHO. Cepusi MPOBEIECHHBIX MCHBITAaHUH, MMOKa3aJd, YTO IPU JAaHHOM COOTHOIIEHUU
peareHToB MPOLECcC IEKTPOPOPMUPOBAHUS MPOXOTUI CTAOUIIBHO.

Tutanat cTpoHUMS OBLI MOJYYEH CIEKAaHUEM OKCHUJOB TUTaHa W CTPOHLMS B aTMmocdepe
Bozayxa mnpu temneparype 1200 C. Oxcuzabl CTpOHIMS W THUTaHa CMEIIMBAIUCH C YYETOM
CTEXHOMETPUYECKOTO COOTHOIIEHUS U CIIEKAINCh B CUJIMTOBOM Meuu B TeueHuu 2 4. [lonydyeHHbIl
MIOPOIIOK MOJIBEPrayICs MEXaHUUECKOMY JIPOOJICHHIO.

Bo Bcex »skcnepuMeHTax s TOJYy4YEHHUS BOJIOKOH METOJOM 3JeKTpo(OpMHpPOBaHUS
HCIIOJIb30BAJIM OJIMHAKOBBIE yCIOBHs. BBICOKOE HampshKeHHE, MOJaBa€MOE Ha UIITy M KOJUIEKTOD,
coctaBisuio 1,5 kB Ha kaxablii CaHTUMETP.

CkopocTh wmmpuieBoro Hacoca cocraBmsuia 1,5 min / yac. [locie mosyueHHbIE HaHO
pa3MepHbIe BOJIOKHA MOJBEPralich KalbluHanuu npu temneparype 700 C B TeyeHuH 2 4acos.

MeTon  3J€KTPOHHOM pacTpOBOM MHKPOCKOMMHM OBLI  HCHOJB30BAaH JJISl  HU3YUYCHHS
MOp(OJIOTHH TOJy4YEHHBIX HAHO Pa3MEpHBIX BOJIOKOH. Ha pucyHke 2 mpeacTaBieHbl CHUMKH,
MOJIyYE€HHBIE Ha 3JIEKTPOHHOM MHUKPOCKOIIE 10 ¥ MOCJIE KaJlbLUHAIUH.

B pesynbrate paboT OBUIM TONy4eHBI HAaHO-Pa3MEpHBIE BOJIOKOHA Ha ocHoBe SITIO2
METOJIOM 3JIeKTpOhOpMUPOBaHUS 111 POTOKATATUTUYECKUX MOKPBHITUH. Ha cHHUMKax BUJHO, YTO BO
BpeMs KaJbIIMHAIIMM BOJIOKHA 00pa3yloT CTPYKTYPY BETBEW, UYTO HEOOXOAMMO Ui MOJTYYEeHUs
3¢ deKkTUBHBIX (POTO KATATUTHUECKUX TMOKPHITUNA. J(MaMeTp HaHO pa3MEpHBIX BOJOKOH JI0
kanpiHauu coctasisan 300-400 um, mocne kanbimHamun 80-110 aM.

B pesynprate mpoBeneHHBIX paboT Oblia pa3zpaboTaHa M coOpaHa JKCIEpUMEHTaTbHAs
YCTQHOBKA 10 TOJYYEHHUIO JUISL DJIEKTPOPOPMUPOBAHUS HAHO-PA3MEPHBIX BOJIOKOH IS
(dboToKaTaTUTHUECKUX MOKPHITUN. M3yueH nporecc 31ekTpodhopMUpOBaHHS BOJIOKOH.

DKCIIepUMEHTAIBHO OIpeJeNIeHbl MapaMeTphl Mpolecca 3IeKTPOPOPMHUPOBAHUS HAHO
pasMepHBIX BOJIOKOH Ha ocHOBe SITiO2.
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Otpaboran npouecc crekanus SrTiO2 U3 OKCHUIOB THTaHA M CTPOHIMS MPH TEMIIEPAType
1200 C B TeueHun 2 4y B cuiauTOBOM mneuu. [IpoBeneH aHamM3 MOJYyYEHHBIX HAHO Pa3MEPHBIX
BOJIOKOH Ha 0CHOBE SITiO2, moay4eHbl CHUMKH 3JIEKTPOHHOTO MUKPOCKOIIA.

Pucynox 2 — CHUMKH 3JIEKTPOHHOTO MHKPOCKOIIA, a ¥ 0 710 ¥ MOCIIe KaJbIMHALMH COOTBETCTBEHHO
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INPUMEHEHMUME IIJNIASBMOTPOHA C HAHOYIVIEPOJAHBIM IIOKPBITUEM
SJIEKPO/J1OB B IINTASMEHHO-TOIIVIMBHBIX CUCTEMAX

B.E. Meccepael, A.B. Ycrumenko®?, B.I'. Jlykbpamenko!, K.A. Yméerkanues?

! Mncturyt npo6nem roperns MOH PK, r. Anmatsl, Kasaxcran
2 Hay4HO-HCCIIE0BATENBCKUIT MHCTHTYT 3KCIIEPMMEHTAJIBLHOM U TeopeTHIECcKOH (usuku, Kazaxckuii HallMOHAIbHBIMA
yHUBEpCcHTET M. anmb-Papadu, r. Anmmatsl, Kazaxcran
E-mail: ust@physics.kz

Annoranus. [IpencraBieHsl pe3ynbTaThl (QU3UKO-XMMHUYECKOTO HCCIICAOBAHMS ICTO3UTa, OOpa3yromerocs Ha
ANEKTPOAAX AEKTPOAYTOBOTO IDTA3MOTPOHA TIPH MOJade MPONaHOOYTaHOBOH CMECH B MEKAIICKTPOIHBIN MMPOMEKYTOK.
ITo PamaH-crieKTpaM B KaTOJHOM JICTIO3UTE UACHTH(DHUIIUPOBAHBI pa3HOOOpa3Hbie POPMBI HAHOYTIIEPO/Ia.

B coBpeMeHHOM MHUpe HAHOTEXHOJIOTUH BOCIPHHHMAIOTCS Kak HamOoJiee NEepCHEKTUBHBIC
TEXHOJIOTUH, YCIEIIHOE pa3BUTHE KOTOPBIX MOYKET OOECIEeUUTh PEBOJIIOLIMOHHOE pa3BUTHE
0a30BBIX OTpaciell NPOMBIIIICHHOCTH, BKJIIOYas SHEPreTHKY, METALUTYPIHI0 ¥ XHUMHYECKYIO
npomsinuieHHOCTh [1]. Ilepexon kK HaHOpa3MEpHBIM CHUCTEMaM HPUBOAUT K BO3HUKHOBEHUIO
MPUHIUIHAIBHO HOBBIX (DU3MKO-XMMHUYECKUX CBOWCTB MAaTEPHAJIOB, MO3BOJSIOMIMX YIYYIIUTh MX
TEXHUYECKHE U IKOJIOr0-3KOHOMUYECKHUE XapAKTEPUCTUKU.

PaccmarpuBaercst 00pa3oBaHue HAHOYTJIEPOAHOTO MOKPBITHS 3JIEKTPOJIOB B AJIEKTPOIYTOBBIX
IUIa3MOTPOHAX TIOCTOSHHOTO TOKA, HCMOJb3YeMbIX B IUIa3MEHHO-TOIUIMBHBIX CHCTEMax JUis
IJIa3MEHHOTO BOCIJIaMEHEeHMsl yriied [2—5]. YBenuuuTh pecypc 3JeKTpOJIOB IIa3MOTPOHA MOXKHO
METOZOM pereHepaniy Marepuaia 3JIeKTPOAOB, 3aKIIOYAIOIIMNACA B OCAXIEHUM HA UX aKTUBHOMN
MOBEPXHOCTH aTOMOB M HOHOB U3 MPHUAJIEKTPOTHON Tuta3Mbl. [t peanu3anun MeToa pazpaborana
TEXHOJIOTUS IJIa3MEHHOTO MHUPOJIN3a YIIIEBOJAOPOAHBIX Ta30B, COINPOBOMKAAIOLIETOCS OCAXICHUEM
KOHJICHCUPOBAHHBIX MPOJAYKTOB MUPOJIM3a Ha 3JEKTPO/bl I1asmMoTpoHa [2, 3]. IlponanoOyranoBas
ra3oBasi CMeCh I0/Ia€TCsl B 30HY JyI'M Ha KaToJe M aHOJAE 4Yepe3 OTBEpCTHs B 3JeKTpojax. B
MOJIOCTH KaToJla M Ha BHYTPEHHEH MOBEPXHOCTH aHOJA B PE3yJbTaTe IUIa3MEHHOW TUCCOIHAINU
MOJIEKYJI MPONaH-OyTaHOBOM CMECH M MOHM3allM{ aTOMOB YIJepoja 00pa3yroTcs MOJOXKHUTEIHHO
3apspKeHHBIE WOHBI yriiepoga. [log Bo3meHCTBHEM NPUKATOAHOTO MAJEHUS MOTEHIMaja OHU
OCAXJIAIOTCSI Ha TIOBEPXHOCTU DJIEKTPOJOB, (HOPMHUPYS YIIEPOJIHBIH HAHOCTPYKTYPUPOBAHHBIN
cioi [2]. DTOT cloi CIYKUT «UCTUHHBIM» KaTO/I0M, U3HOC MaTepHaja KOTOPOTO KOMIIEHCUPYETCS
BO3BpaTHBIM  IOTOKOM  HMOHOB W aTOMOB  yrjepoja.  ToimmHa  yriiepoJHOro
HaHOCTPYKTYPUPOBAHHOTO CIIOSI 3aBHCHUT KaK OT COOTHOIICHHs pPAacxXxoJOB IporaH-OyraHa W
BO3/yXa, TaK U OT TOKA JIyTH.

[Ipr wWCHBITaHUSAX SJEKTPOIYTOBOTO TUIA3MOTPOHA TOCTOSHHOTO TOKA € IMOJAved IMporaH-
OyTaHOBO3/YyIIHOW CMECH, B 3aBUCHUMOCTH OT YCJIOBHUH SKCIIEpUMEHTa (TOKa M HAINpsDKEHUS Ha
AIIEKTPUUYECKON JTyTe, pacxo/ia MponaH-0yTaHOBO3AYITHOW CMECH M COOTHOIIEHHS €€ KOMITOHEHTOB
U JIp.) CUHTE3UPYIOTCA pa3inyHble (HOpPMBI HAHOYIJIEPOAa, OOHApyXKHBaeMble B JEMO3UTE Ha
rpaduTOBOI BCTaBKE KaTo/1a MiIa3MoTpoHa (puc. 1).

Ha rpaduroBoii BcTaBke Karoja B XOJ€ BO3ACUCTBUS JIEKTPUYECKOW JYI'W BHadaie
o0pasyercss KpaTrep C BBICTYIAONUMH CTCHKAMH, KOTOPBIA 3aTeM CIY)KUT MUHH-PEAKTOPOM, B
pa3HBIX 30HAaX KOTOpPOTrO, 3a cYeT muponu3a mnpomnaodyraHoBoit cmecu (40%C3Hg+60%CsH1o)
o0OpasyeTcsi HaHOYTJIEPOJI caMO pa3HOOOpPa3HON CTPYKTYpHI (yriaepoaHble HAHOTPYOKH, rpadeH,
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CTEKJIOyryiepoa, HaHorpadut u ap.) [6, 7]. DTOT NUPOTUTHYECKH CHHTE3UPYEMBIH W3 CMECH
mponaH-OyTaHa ©  BO3JyXa HaHOYTIepoa oOpasyer Oonbinoe pasHooOpasme dopm [5].
Y CTaHOBNIEHO, YTO BHYTPEHHSA IMOBEPXHOCTb CTEHKHM KpaTepa COCTOUT U3 cTekioyriepona. B
LIEHTpE KpaTepa 00pa3zyeTcss HAaHOYTJIEPO YEPHOTO I[BETA, HE COJIEPIKAIIUI aHTHIPUTHBIX TPYIIIL.

| S

Pucynoxk 1 — BricokopecypcHBIH IIa3MOTPOH MOCTOSHHOTO TOKa

IIpu ynaneHum oT LEHTpa KpaTepa HaOJrofaeTcsl MOsBICHHE Oosiee CBETIIOro JEro3uTa,
PaMaH-CIEKTpbl KOTOPOTO YK€ IIOKa3bIBAlOT MPUCYTCTBUE B HEM aAHTMJPHUAHBIX TPYIII
MQJIEMHOBOTO IMKJIAa. BHYTpeHHssI CTeHKa KOpPOHBI Kparepa - TJiIyOOKo 4€pHOro unBera Hu
COOTBETCTBYeT, corjacHo Paman-crektpam, rpadgeHoBoMy HaHoOyriepony. HakoHel, BHEIIHSS
OnecTslIasl CTEHKa KpaTrepa U KOpOHA KpaTepa COCTOST U3 CTEKJIOYIIIepoa, YTO J1I0Ka3bIBAETCS €ro
PamaH-criekTpOM M CpaBHEHHEM C ATAJIOHHBIM CIIEKTPOM cTekioyriepozaa. Ilpuuem Ha BepxHen
YacTH KOPOHBI CTEHOK KpaTepa o0pa3yloTcs XapakTepHble OnecTsiue riao0yiasl MHOTOYPOBHEBOM
MOp(}oIOruK, MOCTPOCHHbIE W3 MHOTOYHCIEHHBIX Oojiee MeNKuX 00pa3oBaHUM TII00YyJIsSpHOrO
yraepoaa. [IpoBenenne PamMaH-MUKpPOCKONIMUYECKOTO UCCIENOBAHMS HAHOYTJIEPOa U3 Pa3HBIX 30H
KpaTepa OKa3aJlochb BO3MOXXHBIM Ojarojaps crnenupuke COBPEMEHHOro PamaH-KOH(OKaIbHOIrO
MHUKPOCHEKTPOMETpPA, MO3BOJSIOIIEI0 HANpaBUTh M CPOKYCHPOBATH Ja3epHBIA Jyd B HYKHYIO
TOYKY M IOJIYYUTh U3 HEE€ paMaHOBCKUN CIIEKTP MYTEM MHOIOKPAaTHOTO HAKOIUIEHHs CHTHajla 3a
KopoTkoe Bpems. Habop 0OBEKTHMBOB MMKpPOCKONA CHEKTPOMETPa JIaeT BO3MOXHOCTb H3MEHSTh
pasMepsl CHOKYCHPOBAHHOT'O JIA3€PHOIO JIy4a M, CJIE€OBATENIbHO, JIATEPAIIBHOE IPOCTPAHCTBEHHOE
paspelieHne, a Takke NoJay4yaTh CUTHAII ¢ pa3HOH TiyOMHbBI 00pasia.

Ananu3 00pa3LoB YrIepoJAHOro KaTOAHOIO AEMO3UTa METOIOM PaMaH-MUKPOCTIEKTPOCKOIINH
MOKa3ajl, 4YTO IpPU ONPEJENIEHHBIX YCIOBUSX pabOThI IUIa3MOTPOHA B €r0 MPUKATOAHOM OOBEMe
MIPOUCXOJUT CHHTE3 MaJleMHOBOTO aHTHJpHJAa M3 IMporaH-OyTaHa MOAAaBaeMOro rasa, KOTOPBIH
3ateM 1o peakiuu [unbca-Anbaepa NpUCOEIUHIETCS K KiacTepaM HaHorpadura, oOpa3yromumcs
Ha IOBEPXHOCTH M CTEHKAaX Kparepa KaTOJHOIO JAEno3uTa. TakuM IMyTeM MOJaydaeTcss HOBBIN
YIIAEpOAHbIM MaTepuai, (QYHKIIMOHAIU3UPOBAHHBIN MATHYICHHBIMH IUKIAMH MAaJEHHOBOTO
aHryapuna. B pesynbraTe nUpoiIMTHYECKUH HaHOrpaguT oOoramaercss aHTHJIPHIHBIMU
KHCIIOPOJIHBIMH TPYIIIaMH, KOTOpbIE MPHAAIOT CUHTE3UPOBAHHOMY MaTepHally HOBbIE (U3HUKO-
XMMHYECKHe CBOiicTBa. Y BHauaje ruapooOHOro HaHorpagura MosBIETCS TMAPO(UIBHOCTD U
CIIOCOOHOCTh PpAcTBOPATHCA B aleToHe (BOAE) M JPYrHMX HOJSPHBIX PAcTBOPUTENAX. Takoi
MaTepHall MOXKeET, K IPUMEPY, CIIY)KUTh YHUBEPCATIbHBIM a/ICOPOCHTOM, HOCUTEIEM KaTallu3aTOPOB
U T.J.

C noMoImplo ONTHYECKOH, IEKTPOHHONM U PaMaH-MHKPOCKOIIMU HCCIIEN0BAaH HAHOYIJIEPO[,
o0pa3yromuiics B Xxojie pabOThl AYroBOrO IUIa3MOTPOHA MOCTOSTHHOTO TOKa € IHojaudeil mporaH-
OyTraHoBoi Bo3aymHOM cMecu. [To Paman-ciekTpam naeHTH(UIIMPOBaHbI pa3HOo0Opa3Hbie (HOPMBI
HAHOYIJIEPOa, Kak MO CTPYKTYype, TaKk U MO MOP(OJIOTUHU, CHUHTE3UPYEMbIE 3a CUET MUPOJIN3aA
ponaH-0OyTaHOBOTO Ta3a B pa3IMYHBIX 30HAX Kparepa KaTOIHOTO IENo3uTa. DJIEKTPOIYroBOH
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IUIa3MOTPOH MOCTOSIHHOTO TOKa C TOJayel 3alllUTHOrO Ta3a MOXHO paccMaTpuBaTh Kak
YHUKAJIbHBI U YHUBEPCAIbHBI MHHH- PEAKTOpP JAJIS CHHTE3a Pa3IUYHBIX (hopM HaHOYTIepona |
MOAU(UKAIIMH TOBEPXHOCTU U (PU3UKO-XUMHUYECKHUX CBOWCTB MaTepuaa.

B xone uccnenoBanuii paboThl MIIa3MOTPOHA € MOJaueli MponaH — OyTaHOBOM ra30BOW cMecH
oOHapyKEeHO SABJIEHUE CUHTE3a MaJCMHOBOIO aHTHJIPH/Ia 3a CUET OKHUCIICHUS OyTaHa B Ijla3Me Jyru
WIA Ha TOBEPXHOCTH HAHOYIJIIEPOJHOIO JENO03uTa, ©0€3 HCIOMb30BaHUSA CHEIHATbHBIX
KaTajan3aTopoB. B kauecTBe reTeporeHHOro Karaiau3aTopa, B JaHHOM CIIy4yae, MOXET BBICTYIATh
caM HAHOYTJIEPOA C €ro OOJBIION YyIeNbHOH MOBEpXHOCTHIO. Peakiust KoHBepcuu OyTaHa B
MaJIeMHOBBIM aHTHAPUJ CHUJIBHO 3K30Te€pMUYHA, T.€. UIET C BbIIEICHHEM TeIula. 3apUKCUPOBAHO
KOBAJICHTHOE TPHUCOEANHEHHE MAJIEMHOBOTO LUKJIA K IpaUTOBBIM IUIOCKOCTSM HAHOYTJIEpOJaa B
YCIOBUSX pabOTHI IIIa3MOTPOHA. DTO OTKPBIBAET HOBBIM cioco0 QyHKIMOHANIHU3AIMH TPadUTOBOTO
HaHOMaTepHuaja KUCIOPOJHBIMU TPYIIAMH IS M3MEHEHHS ero (hPM3MKO-XUMHUYECKHUX CBOMCTB.
@DaKkT KOBAJIEHTHOTO COCTUHEHHUS MaJeHMHOBOTO IHMKJIa M HaHorpaduTa JokaspiBaerca Paman-
cextpamu (v C=0 monocs! ipu 1869 cm™ 1 3716 cm) u ycToiuMBOCTBIO MaTepHana B yCIOBHAX
BBICOKMX TEMIIepaTyp, KOTOpble HMEIOT MECTO B IUIa3MOTpoHE. Temmeparypa IJIaBICHUS
MaJeMHOBOTO aHruapuiaa Bcero 53°C m ecnu ObI MBI MMETH MEXaHHYECKYIO CMECh yriiepoja u
MaJ€MHOBOTO aHTHJIPH/IA, & HE KOBAJIEHTHOE COEAMHEHHE, TO MAJICUHOBBIM aHTUAPU] MPOCTO ObI
ucnapwics B 1uiazMoTpone. C momMompio PamaH-CIEKTpOB, MO COOTHOIICHHWIO MHTEHCHBHOCTEU
Io/lec yrnepoansix mosioc D u G onpeneneHbl pa3Mepbl HAHOKJIACTEPOB YIIIEPO1a, 00pa3yrOIHXCsI
B pa3HbIX o0nacTsaX Kparepa aernoszuta. OHM BapbupPYIOTCS B MMPOKHX npeaenax ot 50 go 150 um.
DTO J0Ka3bIBAaET, YTO MBI MOJTY4aeM HAHOPA3MEPHBIM MaTepual Mpu MUPOJIN3E YIIEBOJOPOIHOTO
raza B Mia3MoTpoHe. OOpasymoomuiics B KpaTepe KaTOJAHONM BCTaBKU NUPOIUTUYECKUIN
HaHOYTJIepo, GYHKIMOHATU3UPOBAHHBIN MaJIEMHOBBIMU IIMKJIAMH, MOJXOAUT JUIS 3alIUThl KaToJa
TUTa3MOTPOHA W TIOBBIIICHUS pecypca ero padoThl, MOCKOJIBKY KOBAJIEHTHO NPHUCOCIMHEHHBIC
KHUCJIOPOAHbIE AHTUJIPUAHBIE TPYIIbl MOBHINAIT YCTOWYMBOCTh MaTepHalla K OKHUCIEHUIO,
BBICOKMM TeMIleparypaM M JAPYrHM HEOJIAronpusTHBIM (GakTopaMm, HE yXyAmas [pH STOM
HMHCCUOHHBIX, MEXaHUYECKHX, TEIUIOBBIX U JPYTUX CBOMCTB 3allIUTHOTO HAHOYTJIEPOAHOTO CIIOS Ha
karoge. CremoBaTebHO, HEOOXOIMMO paboTaTh B TaKOM pEXHME IJIa3MOTpOHA (M30BITOK rasa,
ONTUMAaJIbHAsl KOHIEHTpamus OyTaHa B CMECH, KOTOPYIO HYXKHO OIPENeNUTh XOTS OBl
HKCIEPUMEHTAIbHO, METOJJOM IP00), Kor/1a 00pa30BaHUE U MPUCOETMHEHNE MAJICMHOBBIX IIUKJIOB K
HAHOYTJIEPOY MaKCHMAJIBHO.
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BJMSIHUE JE®OPMAIIMM YIJIEPOHBIX ENENA HA UX PEAKITMOHHYIO
CIIOCOBHOCTbD: ICEBAOLIEJIEBASI MOAEJIb.

K.M.Mykumos’, B.JI.Okcerenmiep?, JI. Akonsin?, ®.Uckanaaposa’
'HauuonanbHelii yausepeuteT Y36ekucTana, TankeHt
2Mucturyt MoH-Na3epHbIX U IJIa3MEHHBIX TeXHONOTHI uM. Apudosa, TanikeHt, Y36ekucTan
Email:oksengendlerbl@yandex.ru

AHHOTAIIUSA

IMoctpoeHa mpocrass KBaHTOBOXHMHYECKas MOJETh 3aBUCHMOCTH D3JICKTPOHHOW CTPYKTYPHI YTIIEPOJHOW IIETTH OT
crerieHu e€ nedopmanuy Ha HaHoMmacmTade. [loka3aHo, 9TO MPH 3TOM 3JIEKTPOHHAS IIENb MEPEXOAUT B TICEBIOIIEID,
YTO B PsJie CIyYacB YCHIUBACT PEAKIIMOHHYIO CIIOCOOHOCTh IIETTH.

[lpupona MHOrooOpa3zHa UCHONB3YyeT JUIMHHBIE IIEIM HAa OCHOBE YIVIEPOAa, U 3TO
MIPOSBIIIETCS KaK B HEX)KUBOM, TaK U )KMBOW MaTepuH (CM., HAIIp ). DTO OOBIYHO CBSI3BIBACTCS
C MYJIbTUBAPUAHTHOCTBIO BAJIECHTHBIX COCTOSIHMSX YIJIepoja, T.e ero oOpasel JIerkon
rubpuauzanuii. Bmecre ¢ TeM, M3ydyeHue COCTOSIHMS YIJIEPOAHBIX ILIeTed B JKMBOHM Ipupojae, Iae
XUMHUUYECKass aKTUBHOCTb YIJIEPOJHBIX IIENEeH OCOOEHHO 3HAUMTEIbHA, YKAa3bIBAeT €Ill€ Ha OJHY
BO3MOKHYIO NPUYMHY OSTOW aKTHUBHOCTH — 4YpEe3BbIYAiHO OO0JbIIOE YHUCIO KOH(opManuu B
ouocucremax (Hamp ). OTcrofa BaXkHBII BBIBOJ: HEOOXOIMMO TOCTPUTH HECIOXKHYI MOJEIb,
JE€MOHCTPHUPYIOLIYIO 3aBUCUMOCTbh PEAKLMOHHOW CIIOCOOHOCTH IMOJIMMEPOB OT JAe(OPMHPOBAHUS
LEenu.

Monens: PaccMoTpuM JTUHEHHBIH (KBa3MOJHOMEPHBIN) (pparMeHT yriepoaHoil menu (a) u

€ro SHEPreTUYECKYI0 CTPYKTYpy (6) B mpocTeiiieM NpubamKeHun XIoKKes puc. 1.
a) 0)

/ > gy — Bl

[ ] Tt | C[p >

‘ ' ~ e -+ 3]

| f p

| AE
O | 7 -
(#
3nech 0003HAYalOT CUTMa M MU-XUMHUYECKUE CBS3H; — TIOTEHILIUANbI

HOHU3AIlUU U PC3OHAHCHBIC UHTCTpaJIbl W - CBsI3¢€il.

Ecnu ¢parMeHT nenu M30THYT (YTO SKBUBAJICHTHO WX HAKJIOHY OpOuWTaneil), TO KapTHHA
HecKoJibko Moaudunupyercs (Puc.2).
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O‘ICBI/II[HO, 4TO HU3MCHCHHUC KAapTHHBI (B YaCTHOCTHU, YMCHBIICHHUC IIPU 3TOM BHCKTpOHHOﬁ

IIEJH ) 00YCIIOBJIEHO YBEJIMUEHUEM MIEPEKPBIBAHUS COCEITHUX OpOUTaANICH;

Pacuert naer:

AE =[B! 1)
Tre nn = BT @
3nech MHTETpasibl IEPEeKPbIBaHNS B JIMHEHHON U U30THYTOM KOH(UTypaluu, IpuieM
= ©)

( — yros Mexay nepeceKaroMMucs OpouTammu)

Ecin mepeiiTh K crnenuMasbHOMY THIY HW30THYTOM nenu — noayneriau (puc.3a), TO
SHEpPreTUKa JJIEKTPOHHBIX Imiene ( ) oOKa3bpIBaeTCsl BechbMa cCrHeuu(puyeckoil, T.e. ¢
yBeJIMYeHUeM paauanuu nonaynetiu (R) orHomenue npubnmxaercs K enuHuie (puc. 36).

OTMCTI/IM, 4TO B 3TOM CJiydyac
u , (4)

A A- paccTostHuE MEXTY COCETHUMH OPOUTAISIMU JIMTHEHHOTO ()parMeHTa.
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Peaknnonnas crnoco6HocTh. s TOro, 4ToOhl MPUMEHUTH MOCTPOSHHYIO BBIIIE MOJENIb K
npobiemMe pPeakIMOHHON CHOCOOHOCTH, HCIOJb3yeM HEKHH CHUMOMO03 KBaHTOBO-XHMHYECKOTO
ananu3a [roapa, @ykyH, belinepa u bepcykepa (cM ), 115 4ero u300pa3uM JIEKTPOHHYIO CXEMY
O00BETUHEHHOM CHUCTEMbI M3 JIOKAIBHOTO ()parMeHTa LEMU M aTaKylolleld ero Majoil MOJICKYIIBI
(s muHEHHOM (a) 1 n30rHyTo# (0) KoH(DUrypanuu Ha puc.4).

a)

CoriacHO KBaHTOBBIM TMPEACTABJICHUSAM, HWMEEM I BEPOSTHOCTH PEAKIUH MEXIY
MIOJINMEPHOM IIENbI0 M aTaKyIOIIeH MOJIEKYNbl CIIEAYIOIIEe BhIpAXKEHUE , T1ie

Oapbep peakuuu

1-) ()
3neck — Oappep 0e3 yuera BHOpOHHBIX 3 (dekToB (06e3 ydacTus B3aUMOJCHCTBHUS
AIIEKTPOHA W KOOPAWHATHI PEaKIMH), a - BUOPOHHAs KOHCTaHTa, K — «ympyrocts peakuum», —
AJIEKTPOHHAS MIENTb MY HH3IIEH CBOOOIHON M BBICHICH 3aHATOW MOJCKYJISPHBIMUA OPOUTAIIMU
(B3MO u HCMO) mnst nepopmupoBaHHOM 1ienu; B ciiydae ke JIMHEWHOU mienu B Gopmyne (5)
HAJIO CIIENIaTh 3aMEHY . Takum 00pa3zom, OYEBUIHO UTO IS Ae(HOPMUPOBAHHON IIETTH SHEPTUN

Oaprepa Q yMEHBIIAETCS MO CPAaBHEHUIO (10 CPAaBHEHHIO C JTUHEHHOW IIENBIO), MIOCKOJIBKY

(puc.4a). DTO CBOWCTBO OYEHb IIHUPOKO MCIONIB3YETCSs B MOJEKYISIpHOM Ouonoruu (mpu
obpazoBanuu Hampumep mnerens Ha PHK) , UYTO TO-BUJUMOMY, HE€ JHCKYTHpPOBAaach
NPUMEHUTEIHHO B HEXHUBON MPUPOJIE.
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APLLICATION OF DIATOMITE FOR ENERGY STORAGE DEVICES

12Turganbay A.B., 12Zhaparova A., 1?Nazhipkyzy M., 1?Lesbayev B.T., 1?Mansurov Z.A.
Ynstitute of Combustion Problems, 050012, Kazakhstan, Almaty, Str. Bogenbai Batyr, 172
2Al - Farabi Kazakh National University, Kazakhstan, Almaty, Ave. al - Farabi, 71
anar.turganbaeva@mail.ru

The ability to produce low-cost, hierarchically-structured and nanopatterned inorganic
materials could potentially revolutionize the way we fabricate photovoltaic, energy storage, and
optoelectronic devices. In nature, many organisms carry out the hierarchical assembly of metal
oxide materials through cellular and biochemical processes that replicate periodic micro- and
nanoscale features by a bottom-up approach at ambient conditions. For example, single-celled algae
called diatoms produce a nanostructured amorphous silica skeleton called a frustule. The insertion
of other metal oxide materials such as titanium or germanium dioxide into the nanostructure of the
diatom frustule could potentially be utilized to fabricate new dye-sensitized solar cells,
nanostructured battery electrodes, and electroluminescent display devices.

Thus, for the purpose of using diatomite, it was fully investigated. In this work, a
comprehensive study of the characteristics of the Kazakhstan diatomite by physicochemical
methods was carried out.

1.1 X-ray diffraction analyzes
Figure 1 shows the results of x-ray diffraction analyzes of selected diatomite samples from

the Mugalzhar area of the Aktobe region.
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Figure 1 - Resultant X-ray fluorescence analysis of diatomite
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As can be seen from Fig. 1, the sampled sample contains a lot of quartz, and the remaining
components are crystalline phases containing mainly SiO,. Note that quartz is a polymorphous
modification of silicon dioxide.

The figure shows the constituent components of diatomite: Illit-montmorillonite, Al (Si205)
(OH)s. Kaolinite are present in a small amount. SiO>-Quartz is somewhat larger, in addition, a
significant amount of X-ray amorphous phase is present.

1.2 X-ray fluorescence analysis (XRF)

1.1. X-ray fluorescence analysis (XRF) At the next stage, X-ray fluorescence analysis (XRF)
was used to determine the elemental composition of diatomite. X-ray fluorescence analysis (XRF)
is one of the modern spectroscopic methods for studying a substance in order to obtain its elemental
composition, that is, its elemental analysis. With the help of it, various elements from beryllium
(Be) to uranium (U) can be analyzed.

Figure 2 - Result of X-ray fluorescence analysis of diatomite samples

X-ray spectral analysis can be used for quantitative determination of elements in materials of
complex chemical composition - in metals and alloys, minerals, glass, ceramics, cements, plastics,
abrasives, dust and various products of chemical technologies.

1.3 Method of infrared spectroscopy

The method of infrared spectroscopy is a universal physicochemical method, which is used in
the study of the structural features of various organic and inorganic compounds.

The analysis of the IR spectra results is shown in Figure 3. As a result, they were matched
with the corresponding XRD data. The peaks found in the bands 3698 and 3621 cm™ of natural
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untreated diatomite refer to the OH-vibration regime of the hydroxyl groups of kaolinite. A broad
band centered at 3432-36 cm™ was attributed to the OH vibration mode of physically adsorbed H-O.
The peaks associated with Si-OH or AI-OH are at the level of 915-917 cm™ and Si-O-Al and are
linked to the Al-octahedral sheet, found at 533 cm™. The bands were found about 793-798 cm™
bound by free silica and / or quartz and are found in all the starting materials of diatomite.

Figure 3 - The transmission spectra of natural diatomite are characterized by absorption bands at 1103, 797, and
471 cm, caused by deformation vibrations of the Si-O quartz bond. The absorption bands at 797 cm™, and
especially at 1103 cm™, associated with deformation vibrations of the CO3? group, are due to the presence of

A calcite in the sample

According to studies, it can be assumed that this variety of shapes and ordered porous structures of
diatomite irrefutably demonstrates the precision and brilliance of natural design on a micro- and
nanoscale, providing a great opportunity to use this material for wide application.
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NICKEL HYDROXIDE MODIFIED ACTIVATED RICE HUSK FOR SUPERCAPACITOR
ELECTRODE MATERIAL

Seidl C.12, Yeleuov M.%3, Temirgaliyeva T.24, Smagulova G.T.?#, Lesbayev B.24,
24Ustayeva G.S., 125Prikhodko N.G., Mansurov Z.A.24

YJohannes Kepler University Linz, Austria, 4040 Linz, Altenberger Str. 69
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3Satpayev University, Kazakhstan, Almaty, Satpayev st. 22
4Al - Farabi Kazakh National University, Kazakhstan, Almaty, Al - Farabi Ave. 71
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Due to various environmental problems and the finiteness of fossil energy resources, the
worlds energy production is shifting towards renewable sources. It is in the nature of most
renewable energy sources, like wind and solar, that they are strongly depended from weather
conditions and therefore a fluctuating source of energy. To always meet the energy demand of a
modern society considerable amounts of storage facilities will be needed. To substantially reduce
the amount of fossil fuels in the energy mix also the transport sector must shift to renewable energy
sources. The challenge hereby is to store enough energy for the vehicle in a volumetric and
gravimetric efficient way. Energy storage is therefore one of key issues on the way to a sustainable
energy supply. Supercapacitors are promising devices for short term energy storage, they show
outstanding performance when it comes to long cycle life, high power density and fast charge-
discharge processes. However, there are still challenges to overcome in supercapacitor research,
especially the increase of energy storage capacity and lowering the cost of electrode material
besides still holding high the before mentioned characteristics. Also industry is showing a strong
interest in research and development as supercapacitors market forecasts show an annual growth
from more than 10 %. In general there are two types of charge storage in supercapacitors:
(i) electrochemical double-layer capacitance (EDLC), which is a result of the formation of a double
layer on the electrode surface and (ii) pseudo-capacitance, where the charge is stored via Faradaic
redox reactions. In recent years various publications were aiming to enhance supercapacitor
performance by preparing hybrid electrode composites which show both, EDLC and pseudo-
capacitance.

In this work the renewable and cheap raw material rice husk was used to synthesize a highly
porous carbon material. A two-step procedure was used including carbonization and chemical
activation of rice husk, the yielded material is therefore called activated rice husk (ARH). The ARH
showed a very high specific surface area of 4000 m? g when calculated by use of BET method.
Furthermore, ARH was modified with nickel hydroxide (Ni(OH)2) using a simple chemical
precipitation method. The surfaces of the yielded materials were investigated by scanning electron
microscopy (SEM). It was found that the surface of ARH is highly porous, with macropore sizes of
around 15 um, furthermore it was clearly visible that the Ni(OH). was precipitating into these pores
(Figure 1). As material for supercapacitor electrodes the electrochemical performance was tested by
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conducting cyclic voltammetry (CV) and galvanostatic charge discharge (GCD) measurements in a
two-electrode setup. The specific capacitance was calculated from both measurements. It was found
that the biggest increase in capacitance can be reached with Ni(OH). loadings of around 9 wt.%.
The measured specific capacitance of pure ARH supercapacitor electrodes calculated from CV
measurements was 214 F g* at a scan rate of 1 mV s whereas electrodes from material modified
with 9 wt.%. Ni(OH). showed a specific capacitance up to 252 F g at a scan rate of 1 mV s™.
When calculated using GCD curves (Figure 1), the specific capacitance for pure ARH electrodes
reached 236 F g at a current density of 50 mA g whereas the 9 wt.% Ni(OH). on ARH electrodes
show a specific capacitance of 300 F g*. Consequently, the increase in capacitance is 27 %, an even
higher value than the one calculated from CV curves (18 %).
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Figure 1 (a) SEM image of ARH powder modified with 9 wt.% Ni(OH).. (b) Specific capacitance of pure ARH and 9
wt.% Ni(OH), electrodes calculated from discharge curves at various current densities.

-  _ _ _____________________________________________________________________|
WHcTUTYT Npo6JieM ropeHust

164



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanblKapaavlk cuMno3uymbl
«DU3UKA KOHE XUMHA KOMIPTEKTI 2KOHE HAHOSHEPI'ETUKAJIBIK MATEPHAJI/IAP»
X MescdyHapoonwlti Cumnosuym
«DPU3UKA H XUMHA YTJ/IEPOJHBIX U HAHOSHEPI'ETUYECKUX MATEPHUAJ/IOB»

ELECTRODUCING SMART-TEXTILE

Mansurov N.B., 23Smagulova G.T.
1Kazakh-British Technical University, Tole bi st., 59, Almaty
2Al-Farabi Kazakh National University, Al-Farabi ave., 71, Almaty
3Institute of Combustion Problems, Bogenbay batyr st., 172, Almaty

Technical progress of the 21% century led to the emergence of new textile materials with
unique and specific properties used in various fields of human activity. This type of textile materials
was called "smart textiles". Smart textiles and articles made of it can change under the influence of
external influences or have properties not characteristic of conventional fabrics. Smart textiles
include fabrics that can change color, emit light, conductive fabrics, etc. Smart textiles have been
widely used for outfitting servicemen, cosmonauts and people in extreme weather conditions
(climbers, athletes, etc.). Among the various types of smart textiles, fabrics with electrically
conductive properties occupy a separate position, in view of the wide range of applications for the
manufacture of resistive elements and elastic electric heaters used in industrial and household
products, such as flexible heating elements in the automotive, aviation industry.

The developed technology for obtaining electrically conductive smart textiles has no
analogues in the market of near abroad and Kazakhstan. Due to the good electroconductive
properties of carbon nanotubes (CNTs) synthesized on the glass fabric surface and good adhesion,
the proposed product has good electrical conductivity and low electrical resistance. In addition, by
varying the synthesis conditions, it is possible to obtain an electrically conductive fabric with a wide
range of electrical resistance. Due to the chemical stability of carbon nanotubes to the influence of
aggressive media, high mechanical properties, the service life of products made of electrically
conductive fabrics based on carbon nanotubes is significantly higher than that of corresponding
products on the market.

The synthesis of nanoparticles of metal oxides is based on the exothermic process of liquid-
phase interaction of components of the system, including fuel and oxidizer. For the preparation of
catalysts, the glass cloth sample was impregnated with aqueous solutions of cobalt nitrate or iron
chloride and glycine salts, followed by drying and heat treatment at a temperature of 230-250 °C.
At a given temperature, an exothermic reaction takes place on the surface of the glass cloth,
resulting in the formation of nanoparticles of metal oxides. The resulting nanoparticles of cobalt or
iron oxides are catalysts for the growth of CNTs on glass fabrics [1]. For the synthesis of carbon
nanotubes, a method of chemical vapor deposition from a propane-butane mixture or acetylene was
used in the presence of argon. The synthesis temperature is 770-780 °C, the synthesis time is 20
min. To determine the structure of the obtained nanoparticles of metal oxides and CNTSs, scanning
electron microscope, DRON-3M diffractometer, transmission electron microscope and Raman
spectrometer were used.

Studies have shown that as a result of the reaction on the surface of glass fibers, metal oxide
particles were formed uniformly distributed over the entire surface of the glass fiber [2]. The
process of interaction between a metal salt and glycine is an exothermic reaction with a local
increase in temperature up to 1200 °C and the formation of metal oxide nanoparticles. Due to the

WHcTUTYT Npo6JieM ropeHust

165



X International Symposium
«THE PHYSICS AND CHEMISTRY OF CARBON AND NANOENERGETIC MATERIALS»
X xanvlkapanvlk cuMno3uymol
«PU3NUKA )KOHE XUMHA KOMIPTEKTI )KOHE HAHOSHEPI'ETHKAJ/IbIK MATEPHAJI/JAP»
X MescdyHapodHhblii Cumnosuym
«PU3UKA U XUMHA YT/IEPO/IHBIX U HAHOSHEPTETUYECKHUX MATEPHA/IOB»

high temperature, as a result of the reaction, the surface layer of the glass fiber melts, which leads to
the adhesion of the glass fiber surface and the nanoparticle of the catalyst. The results of X-ray
phase analysis showed that as a result of synthesis, nanoparticles of iron and cobalt oxides of the
composition: Co304 and Fe;O3 with dimensions of 30-100 nm are formed on the surface of the
glass fibers.

Figure 1 shows SEM and TEM images of carbon nanotubes grown on fiberglass with
nanoparticles of cobalt oxide. As can be seen from the photographs, superfine cobalt oxide particles
are formed on the surface of glass fibers with CozO4, which are active centers of growth of carbon
nanotubes. Carbon nanotubes have a diameter of 23-25 nm. The resulting one-dimensional carbon
nanomaterials have good adhesion to the glass fiber surface due to the strong adhesion of the
catalyst particles to the near-surface layer of glass fibers. CNTs intertwining together form a strong
film on the surface of the fiber.

Figure 1 - a) SEM and b) TEM images of carbon nanotubes grown on fiberglass with nanoparticles of cobalt oxide
C0304

To establish the electrically conductive properties of the obtained material, the resistance was
measured and the current-voltage characteristics were taken off. A pure fiberglass cloth is a
dielectric and does not conduct an electric current. The specific resistance of the obtained textile is
Rsp = 0.3636 Q/cm?. Figure 2a shows a graph of the current-voltage characteristic. Based on the
position and direction of the curve on the I-V curve, this sample has semiconductor properties.
Regardless of the size, the sample has stable resistance values, so the scatter of resistance readings
over the sample area does not exceed 3 wt. %. For this sample, the change in temperature was
investigated as a function of the applied current. Figure 2b shows the change in the temperature of a
glass cloth sample with CNT on Cos04. As can be seen from the obtained graph, the obtained
material has good conductive properties and shows a good Joule heating.

Based on the received smart textiles, a vest was made for the model of a soldier. For this
purpose, a sample of fiberglass with carbon nanotubes was equipped with two electrodes made of
copper wire and connected to a power source. Figure 3 shows a photograph of a soldier's model
with a vest on the basis of the obtained electrically conductive smart textiles.

After the mock-up, the material was tested for calorific value at low temperatures, which is a
simulation of the behavior of the resulting material under critical conditions. It can be seen from
Fig. 3 that when the waistcoat was connected on the basis of glass fiber cloth with CNT to the
power source, the temperature gradually rose from 0 °C 36 °C. The obtained results showed that,
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varying the power of the power source, it is possible to change the maximum heating temperature.
To demonstrate the possibility of using the obtained electrically conductive textiles in the building

sector, a model of the house was made in which the obtained electrically conductive smart textiles
were used to make the "warm floor".
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Figure 2 - a) volt-ampere characteristics for fiberglass with carbon nanotubes on Co30s4;
b) graph of the change in the temperature of the glass fabric with CNT on C0304
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Figure 3 - Photographs of the layout and dynamics of temperature changes before connecting and after connecting of
sample to the power source

In the results of the research, a simple and inexpensive technology for obtaining electrically
conductive tissue was developed. These smart textiles can be used as a basis for manufacturing
flexible heating elements and products from them. Based on the obtained results, a patent was
obtained for the utility model "Method of fabrication of conductive fabric" [3].
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TESTING COMPOSITE MATERIAL BASED ON NANO-PARTICULATE MAGNETITE
AND CARBONIZED RICE HUSK FOR CO2 SORPTION
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Abstract. This paper presents the results of testing nanocomposite material based on nano-particulate magnetite and
carbonized rice husk. Sorptive capacity of the produced nanocomposite materials was tested on fixed-bed microreactor.

Introduction

Carbon dioxide adsorption with solid sorbents is one of  promising option for post-
combustion CO; capture strategies. That way to reduction emissions into atmosphere helps to solve
problem of low-cost and versatile sorbents in typical post-combustion conditions. Sorbents derived
from agricultural wastes such as rice husk (RH) fully corresponds to these requirements. Rice husk
is one of the most widely available agricultural wastes, also it poses disposal problem and waste
treatment costs, need of fruitful utilization. In this work we modify of the carbonized rice husk
(cRH) [1] with magnetite nano-particles forming to new nanocomposite material, also research the
sorption capacity of the obtained sorbents [2].

Experimental part

Starting from the procedure reported in [3] for the preparation of magnetite nanoparticles in
presence of a surfactant (TMAOH), a new approach was developed for the production of 5
different cRH/nFM composites by varying the amount of cRH from 0 to 100 wt.%. A detailed
scheme of obtaining nanocomposites is shown in Figure 1.

nFe;0, precursors: T
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v
¥
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Figure 1. Schematic description of produce composite based on carbonized rice husk and magnetite with nano-
particales

Checking of our samples was held in fixed-bed microreactor shown before [4].

Results

Elemental analysis correspond the effect of the synthesis conditions applied: the strong
alkaline conditions generated by NaOH 5M allowed the SiO» dissolution, thus in the series
cRH/NFM the content of inorganics is lower (Figure 2).
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The SiO2 removal under strong basic conditions adopted during the synthesis of cRH/nFM
samples allowed the production of sorbents with higher surface areas (Figure 3a).

Testing for CO2 sorption. Pure cRH in comparison with cRH-NaOH corresponded to an
increment of 35% of CO> capture capacity (11,26 mgCO./g versus 15,31 mgCO./g ) (Figure 3b).
First of all it is connected with removal of ashes of cRH. cRH-NaOH and cRH/nFMd provided
better results with 15,31 mgCO2/g and 15,97 mgCO-/g respectively.
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Figure 3. Surface area data and data of sorption capacity of the composites

Conclusion

These preliminary results indicated that:

- the decoration of cRH with nFM correspond to an increment of 35% of CO, capture
capacity of cRH;

- cRH showed 11,26 mgCO»/g sorption capacity, cCRH-NaOH and cRH/nFMd showed better
results with 15,31 mgCO2/g and 15,97 mgCO2/g respectively

- the preparation of CO> sorbents from biomass derived products must take into account the
presence of ashes (and their not adsorbing properties).
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N3YYEHUE XAPAKTEPUCTHUKHU I'OPEHUS I'ASOI'EHEPATOPHBIX
COCTABOB HA OCHOBE HUTPATA HATPUA

C. TypcbinOek, J.A. baiiceiitoB, M.U. TyJsenos, 10.B.Ka3zakos, ®.10. A0apakosa,
3.A. Mancypos

Kazaxckunit HaunonansHelii Yausepcuret num.an-®apabdu, r.Aiamartel, np.an-Papaduy,

AHHoTanus. B ganHON paboTe mpencTaBIeHBl METOIBI OTIPEICIIeHNEe CKOPOCTH TOPEHNUSI, KOTOPBIH JIETKO M JOCTYITHO,
HETIPEPEPHIBHBIA M3MEPEHUSI TEKyNIeH MacCOBOW WM JIMHEHHOW CKOPOCTH TOpEHHS. Pe3ynbTaThl 3KCIICPUMEHTOB
MIPEACTABICHO MOCJIe 0OpadOTKH € MOMOIIBIO COBPEMEHHBIX NMPOTrpaMM. A Tak K€ HCCICAOBAHO BIMSHHE Pa3Mephl
KOMITOHEHTOB ¥ X COOTHOIIEHHE Ha CKOPOCTH FOPEHHS.

BBenenne

B nacrosmee BpeMs pa3paboTaHbl MHOTOYMCIIEHHbBIE METO/IbI M YCTAHOBKHU [JJISi U3MEPEHUE
CKOPOCTH TOpeHUs reTeporeHHbIX KoHaeHcupoanHubix cucteMsl (I'KC). B psae cnyyaeB BO3MOXKHO
UX TOpUMEHEHWE Ul M3MEPEHHUsS CKOPOCTH TOpPEHHUsl IPECCOBAHHBIX U  JIMTHEBBIX
MeTaNU3UPOBaHHBIX KoHAeHCHpoBaHHBIX cucteM(MI'KC). Opmanko BcneacTBue ocoOeHHOCTEH
roperust MI'KC BO3MOXHOCTh IPUMEHEHHUS T€X WM MHBIX METOJIOB M YCTAaHOBOK JUIS W3MEpPEHUs
CKOPOCTHU TOpEHHUs TPeOyeT CrienuanibHOro ananmsa [1].

CymiecTByroniye MeToJbl U YCTaHOB KM id u3MepeHus ckopoctu ropenus ['KC moxnO
pazznenuTh Ha ABe rpynnsl. K nepBoii rpynmne cieyer OTHECTH METOJIbl U YCTAHOBKH, C TOMOILBIO
KOTOPBIX IPU 3a/laHHBIX BHEIIHMX YCIOBMSX ( JaBleHUs, HaualbHasl TeMIlepaTypa) omnpeiensercs
CpeiHss CKOpPOCTh ropeHus obpasua. B 3ToM ciydae nsmepsieTcss BpeMsl TOpEHHUsl ONpeAeTIeHHOM
JUIMHBI (MJIM OTNpeAENeHHBbIH TOJIMHBI CBOAA), JMOO BpeMsl TOPEHMsI BBIJECJIECHHOTO Yy4yacTKa
o0pa3lla Ha TpaHMIaX KOTOPOIO PaclOJIOKEHBl JATYMKH- MHAWKATOPhl MOMEHTa MPOXOKICHUS
¢bponTa iamenu(moBepxHocT ropenus) [2]. Ko BTopoli rpymme OTHOCUTCS METOMbI U YCTAaHOBKU
JUIS. HENIEPEPBIBHOI'O U3MEPEHUS TEKYLIEN MacCOBOM MIIM JINHENHOW CKOPOCTH TOPEHHUS.

OauuM u©3 Haubojee paclnpacTpaHEHHBIX METOAOB SIBJISIETCS METOJ IEPEroparoInux
IIPOBOJIOYEK MJIM JIETKOIUIaBKUX craeB. OH 3aKIII0YETCsl B TOM, UTO B OTBEPCTHUS, IPOCBEPIICHHBIE B
oOpaslle Ha TpaHMIIaX MEpHOro yuacTtka, BBoautcs ToHkue (0,1 ... 0,3 MM) HpPOBOJIOUKH,
coenuHsIeMble ¢ peructpupyonmmM ycrpoiictBom[3]. [Ipu HOCTHKEHUM MOBEPXHOCTHIO TOPEHHS
IJIOCKOCTH YCTaHOBKH MPOBOJIOYKH IOCIIEAHSSI IEPErOpacT, pa3MbIKas dJIEKTPUUECKYIO LIENb. JTOT
METO/]I IPUMEHSETCS KaK B J1a0OpaTOPHBIX YCIOBUSIX, TaK U IIPU MACCOBBIX MCIBITAHUSAX 00pa3lloB
TBEPJBIX pPAaKEeTHBIX TOIUIMB. OH 0051aaeT BBICOKOW TOYHOCTBIO, KOTOpas NpU MPUMEHEHUU
COBpEMEHHOW peructupyromein ammaparypsl gocturaer 0,4.... 0,8%. TexHomormdeckas cxema
npuBeeHbl B pucyHke 1. 13 mm [4].

JKCIEePUMEHTAJIbHASA YaCTh

OntumanbeHOoe cooTHomenne wmexnay okuciaureaem (NaNOz) wu  roprounm  (Mgt+C)
ONpEAEIAIM HAa OCHOBAHMM CpPAaBHUTENIBHBIX pPAacu€TOB PaBHOBECHBIX TEPMOAMHAMHUYECKUX
XapaKTEPUCTUK MaHHOTO coctaBa 1o mporpamme TEPPA [5]. Jlis mpuroTOBIEHHS HCXOJHBIX
cmeceit coctaBa NaNO3+Mg+C wncnonb30BauCh TMOPOIIOK HHUTpaTa HATPUS TEXHUYECKOTO C
pazmepoM uactun 200250 mMkm, a Takxke nopomku marHus (Mg) mapku MIID-3, yraepon
U3MeNbYeHHBbIN, paccesHHbIE B 100-200 mMxM u3 mpotuBoraza. CKOpOCTb TOpEHHUSI COCTaBOB
U3MEpSUIM METOJIOM MEeperoparouux MpoBosiodek. Jljis u3MepeHHs CKOPOCTH TOpPEHHUS] COCTaBOB
OBUTH TPUTOTOBJICHBI 00pa3Ibl ¢ quamMeTpoM 13 MM U BbICOTOM 25 MM. KOMITIOHEHTHI TIIATEIHHO
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nepeManuBacTCs K HAaCBIIIACTCA Ha 6YMa)KHy1-O TUIB3Yy, 3aCTYKHMBA€M HECKOJbBKO pa3 IJIid
YIUIOTHCHMUA. OnbIThI IMPOBOJAUJIUCH Ha aTMOC(i)epHOM JaBJICHUU U OTKPBLITOM BO3YyXE.

PesyabTaTsl H 00cyKI1eHUs

W3 nopoukooOpa3HbIX KOMIIOHEHTOB TOTOBWJIM OO0paslbl JIsi CXKUTAHUS Ha BO3JYyXe.
Yrnepon uzmenbueHo B papodopoBbIM CTYIKeH paccestHo B cutax pazmepom 200,100 Mxwm.

AHanm3 ¢QpakuuM MPOBOAWIOCHE C HCIHOJb30BAHUEM IPOEKLIHMOHHOTO MHUKPOCKONA MU
I10JIyaBTOMaTU4eCKOro 24 KaHaJIbHOTO CUETHOT'O YCTPOMCTBA, B KOTOPHIM pa3Mep 4acTHUll Ha 3KpaHe
MHUKPOCKOIA HU3MEpSAETCsl MPO3padyHOd  JIMHEWKM ¢ HaboOpoM KpyKOK-11abioHOB. B kauectBe
npernapara HCIoJIb30BalIM JIN00 BCIO (PpakIuio, MO0 BEIOOPKY, B3ATYIO KBAPTOBAHUEM.

CoBOKynHYI0 (YHKLHMIO pachnpejieieHue B JAuana3oHe pa3MepoB oT 1,2 MKM [0
MaKCHUMAaJIbHOTO CTPOMIIN C MIOMOIIBI0 KOMIIbIOTepHOU niporpamMMbl «CCPy, pesynbraTsl 00paboTKu
IIPUBEJICHBI Ha PUCYHKE 1.
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o
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Pucynox 1 - I'mcrorpamma pacrpenenieHus 4acTHIl IO CYETY

KoMnoHeHTHl B3BEIIMBaIM Ha AJIEKTPOHHBIX Becax «Caprorocm» MB 210-A n
nepeMennBaii BpyuHyto B happopoBoii crynke. COOTHOIIEHHE OKUCIUTENS U TOPIOYEro BO BCEX
ciyyasx Obuto 80:20 mo Becy.  IlepBoHawanbHO OBUIM TPOBENEHBI OSKCIEPUMEHTHl Ha
BOCIUIaMEHSIEMOCTh 00pa3loB Ha Bo3ayXe. ['0TOBbIE cMeCH ISl CXKUTaHus MOMeIlail B OyMakKHbIe
THIIB3bI ¢ AuameTpoM 13 MM u BeicoToit 10 MM. Macca o6pasua okoino 0,4 r, HachIITHAs MJIOTHOCTh
o6pasnos B uaTepBane 0.7-0.9 r/cm®. [opeHNe MHHUIMHPOBAIOCH TIIAMEHEM Ta30BOH TOPEJKH C
BEPXHETr0 OTKPBITOTO TOpHAa OYMa)XKHOM TWIIB3bl, Ha KOTOPYIO TOMEINAIM MHPOTEXHUYECKYIO
HaMa3Ky, COCTOAILYIO U3 nepxiopara aMMoHus U cBa3ku MIIBT-ACT.

[IuporexHuueckas cMech:
NaNO3 60%
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Mg (MII®-3) 20%
C (yraepoj u3 npoTUBOTasa) 20%

Jl1g mpoBeIeHUs SKCIIEPUMEHTAa HApUCOBAHA CIEAYIOIIasl CXema:

1- O6paser ¢ 6ymaxabiM 000s10ukam; 2 — Pesuctop; 3 - CBETOAMOAHBIC JTAMIOYKH

Pucynok 2. Cxemal u3mMepeHHs CKOPOCTH TOPEHHUS METOAOM NEPErOPAIONINX IPOBOIOYEK

Jns  ompeneneHus 3aBUCUMOCTHM CKOPOCTH TOpEHHs OT pa3Mepa yriepoja Obuin
MIPUTOTOBJIEHB! pPa3HbI€ JUCHEPCHBIE YIIEPOAbI, A ATOr0 MPUMEHSUIUCH dapdopoBasi cTynKa U
cutsl pazmepom 200, 100, 70. Pe3ynbTaThl npuBeneHs! B Tabnuie 2.

W3 nopoukooOpa3HbIX KOMIIOHEHTOB TOTOBMJIM OOpas3lbl JUIsl CKUTAHMUS HAa BO3AYXE.
KoMIIOHEHTHI B3BEHIMBAJIN Ha AJIEKTPOHHBIX Becax «Caprorocm» MB 210-A u nepememmBanu
BpyuHYI0 B (apdopoBoii crynke. COOTHOIIEHNE OKUCIUTENS U TOPIOYEro BO BCeX ciydyasix ObuIo
60:20:20 no Becy. IlepBoHayambHO OBIIM MHPOBENEHBI SKCHEPUMEHTHI Ha BOCIUIAMEHSEMOCTb
oOpa3nioB  Ha Bo3ayxe. ['OTOBbIE CMeCH JUIsl CHKUTAaHHsS TIOMEIIald B OyMa)XHbI€ THIIB3BI C
auaMeTpoM 13 MM 1 BeicoTOM 25 MM. Macca o6pasua okoso 4,0 T, HacblIHAas MIIOTHOCTh 00pa3IoB
B nHTepBane 0.7-0.9 r/cm®. TopeHne WHHUIMMPOBATIOCH TIAMEHEM Ta30BOH TOPENKH C BEPXHETO
OTKPBITOTO TOpLa OyMa)XHOH T'HJIB3bl, Ha KOTOPYIO IOMEINAIM MHPOTEXHUYECKYI0 HaMa3sKy,
cocTosAIIyr0 3 mepxjopara ammonums u cBssku HTPB (hydroxyl- terminated polybitadiene).
ITporiecc ropenust peructpupoBaics Buieokamepoil ¢ yacrtoroit 300 kanp/ cek. ns o6paboTku
BHJICO3AIIUCH HCIOB30Baau mporpammy VirtualDub, cmocoOGHyro mpourpeiBaTh BHaco(daiin B
MOKAJPOBOM DPEXHUME, OJHOBPEMEHHO IOKa3bIBash MHO(PPMAIMIO O BPEMEHH TEKYIIEro KaJpa.
Pe3ynbrathl skciepuMeHTa npuBeeHb! B Tabauie 1.

Tabnuua 1- 3aBUCUMOCTH CKOPOCTh TOPEHUS OT TUCIIEPCHOCTH yriepoaa(60\20\20)
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He TOPUT

Kak BumHO M3 Tabiuibl, ¢ YBEJIMYEHHEM JUCIIEPCHOCTH BO3PACTaCT CKOPOCTh TOpEHHUE
cocTtaBa. M3BECTHO, UTO M3MEJIbYCHHE KOMIIOHEHTOB B 3HAUMTEJIBHON MEPE BIUAECT HAa CKOPOCTh
ropenus. Yem MeHbIIIe pa3Mep roprouero KOMIOHEHTA, TeM OOJIbIIe CKOPOCTh TOPEHHUS.

BeImonTHEeHHBIE  WICCIICOBAaHUS  TIOKA3ad  BBICOKYIO  3(PQPEKTUBHOCTh MPUMCHCHHE
[IEPEroparoIUX MMPOBOJIOUYEK JISI U3MEPEHUE CKOPOCTH NOPEHUs ra30r€HEPATOPHBIX COCTAaBOB HA
OCHOBE HUTpATa HATPHs. BBIACHUIOCH BISIHUE AUCIIEPCHOCTh KOMIIOHEHTOB Ha CKOPOCTH TOPEHHUSL.

3akjaouyeHue
1. [IpoBeaeHbl TEPMOJAMHAMUYCCKUE pacueThl MapaMeTPOB TOPEHHS Ui OINPEACICHHS
OIITUMAJIBHOT O KOJINYECTBaA NCXOIHBIX KOMIIOHCHTOB. YCTaHOBHCHO, qTO

BBICOKOA()(DeKTHBHBI PabOTACIIOCOOHOCTh HAOMIOAACTCS B COOTHOIICHUSX WMCXOJHBIX
koMroHeHTOB 60% - NaNOs, 20% - Mg, 20% - C.

2. W3yueHsl METOIBI OMpEeNieHHEe CKOPOCTH TOPEHHUs. Y CTaHOBJIEHO, YTO COKOPCTh
TOPEHHUs COCTaBIAET 3-5 MM/CEK.
3. Omnpenernena qUCTIEPCHOCTD yIiiepoa, 00ecreunBaronias MocIoiHOe TOPEHUe 3apsia, 1

310 pa3mepsl B ipeaanax 200-100 Mxm.
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CREATION OF COATINGS BASED ON HYDROPHOBIC SOOT

Hamidreza Pourghazian Esfahani®, Alireza Pourghazian Esfahani?®, Gulim G.
Kurmanbayevad, Assel N. Zhaksylykovad, Aigerim R. Seitkazinovad, Meruyert Nazhipkyzy®,

Zulkhair A. Mansurov®

2TOO”POURGHAZIAN” (branch of Ranghe Tarake Tazene Asia), Number 14, Home 93V, Street Dostyk, 050051,
Almaty, Republic of Kazakhstan
b Sharif University of Technology, Tehran, Iran
¢The Institute of Combustion Problems, 172 Bogenbai Batyr Str., 050012, Almaty, Kazakhstan
dAl-Farabi Kazakh National University, 71 al-Farabi Ave., 050040, Almaty, Kazakhstan
hamidreza.pourghazian@crackpaint.com
Abstract. This work presents the results of investigations of the influence of hydrophobic soot to the coating. Obtained
soot particles was investigated by scanning electron microscopy (SEM), Raman spectroscopy, Elemental analysis and
etc.

1. Introduction

The development of hydrophobic and superhydrophobic materials has recently attracted a lot
of attention due to the wide range of applications that these surfaces offer. Self-cleaning surfaces,
anti-fouling materials, stain resistant textiles or antiicing coatings are just some examples that show
the potential of these materialsl [1]. The results showed information’s for production
superhydrophobic coatings based on nano titanium dioxide, silica nano particles, nanotubes and
polymers [2].

Soot is a material, which is made in a big quantity and mostly used to modify the properties of
structural materials in the manufacture of elastomers, dyes, dry power sources, paint and coating,
etc [3]. It was obtained soot particles during combustion of hydrocarbons. Thus, if fuel burns under
specified conditions, it will be possible to get soot with special properties [3, 4]. In this work it was
used ultrasonic wave mixer for dispersion of soot in the mixture of polyurethane and solvent 646.

2. Experimental
2.1 Materials

Polyurethane lacquer was applied for protection from mechanical and chemical impact of
floors, walls, ceilings, products, etc. Solvent 646 is a mixture of toluene 50%, ethanol 15%, butanol
10%, butyl- or amyl acetate 10%, ethyl cellosolve 8%, acetone 7%. The hydrophobic soot was
obtained by application electric field of 1 kV during combustion of the mixture of propane, butane,
isobutene. The size of soot particles were 30-40 nanometers with the significant chain formation
and tertiary structure, and the water contact angle (WCA) was larger than 146° [5]. Soot deposited
on the surface of a stainless steel cylinder.

The produced soot was investigated by EDS. In Fig.1. shown EDS images of soot samples.

2.2 Preparation of coatings and dispersion of soot in the resin
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Materials were mixed step-by-step. Initially polyurethane and solvent 646 were weighted
and blended and then soot was mixed with slurry, then soot was rapidly dispersed to the liquid
mixture by ultrasonic homogenizer under different conditions.

Table 1 presents 3 samples of coating composed of Polyurethane "Elakor-PU" lacquer (TU
2312-009-18891264-2009) resin, solvent 646, soot.

Table 1. Different samples under different conditions

Number of Polyurethane, solvent soot, Ultrasonic Ultrasonic Ultrasonic Min
sample ar. 646,
ar. Power on off
ar. time(second time(second
(25 Hz), working) not working)
Watt
Coating-1 5 30 1 600 2 1 5
Coating-2 5 30 2 600 3 1 15
Coating-3 4 40 3 600 5 0.5 30

Samples were prepared in different containers and then applied to the paper, tile, metal and wood.

It was used drop shape analyzer DSA25 KRUSS GmbH for measurement of the water
contact angle for surface. Three or four droplets of water were applied on the sample and then
measured.

3. Results and discussion
3.1 Measurement of WCA by drop shape analyzer KRUSS
The water contact angle was measured on the tile and paper, wood, metal before and after
hydrophobic coating. The obtained results are presented in the table below:
Table 2 presents the results on comparison of different coating formulations, WCA and soot

concentrations.

Table 2. Comparison of different coating formulations, WCA and soot concentrations

Number | Polyurethane, | Solvent 646, | Soot, | Ultra Soot Water Water Water | Water
ar ar ar sonic |concentration,| contact contact | contact | contact
action, % angle on | angle on [ angle on | angle on
min the tile, | the paper, |the wood,|the metal,
degree degree degree | degree
Without 0 0 0 0 0 47.8 98.6 40 29.9
any coating
Coating-1 5 30 1 5 2.7 93 115 105 100
Coating-2 5 30 2 15 5.4 137 136 130 128
Coating-3 4 40 3 30 6.3 141 142 136 135

3.2 Comparison of different coatings together with the CPVC
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The critical pigment volume concentration (CPVC) Eq.(1) was used for formulating
coatings [6]. CPVC is normal point for using a sufficient quantity of a binder for one volume of
constant formulation of the paint and coating. Some properties of coating such as corrosion, glossy,
abrasion changed in the CPVC (table 3) [6].

Pigment volume concentration (soot) * 100%

PVC =

Pigment volume concentration (soot) + binder volume (polyurethane)

Table 3. Comparison of CPVC, WCA, soot concentration and thixotropic properties

Number | Soot, Binder |PVC,|Flocculation| Use of [Thixotropic| Settling | Liquid | Concentration| Water
gr. |polyurethane,| % dispersing| properties stability| of soot inthe | contact

ar. agent formulation, | angle on

% the paper

Coating-1] 1 5 16.6 No No No yes No 2.7 115°
Coating-2| 2 5 28.5 No No yes No yes 5.4 136°
Coating-3|] 3 4 42.8 No No yes No yes 6.3 142°

Conclusions

If soot was added in big quantities to the coatings at the critical pigment volume concentration
(CPVC) and if the amount of soot increases coating, then hydrophobicity in the dry film of the
surface becomes higher. Initial polyurethane has good resistance to the acid and alkali material,
good mechanical and physical property. Introducing the soot nanostructure into the mixture of
polyurethane and 646 solvent, hydrophobic coating was obtained for different surfaces such as
wood, metal, tile, and paper. Additionally, thixotropic properties in CPVC were determined by
application of hydrophobic soot to the hydrophobic coating-2 and coating-3.
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BJIUSIHUE YIJIEPOJHBIX HAHOTPYBOK HA YIIPYT'O-ITPOYHOCTHBIE
CBOMCTBA YIJIEILIACTHKA
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AnHoTanus. IIpoBeneHsl HCCIEOOBAaHMS O BIMSHUIO YIVIEPOAHBIX HAHOTPYOOK Ha YNpYyro-IpOYHOCTHBIE CBOMCTBa
yriemnactuka. Beenenue nepuunbix YHT-1 B yrnemnactuk He gano ynpounenus. [Ipu ckopoctu nedopmanuu ot 1
MM/MHH 10 20 MM/MHH YrJeljiacTHKa HaOJNIOJAloTCs 30HBI YIPYIO#, yNpyro-mjiacTUYecKOH M TCEeBAOYNpPYrod
nepopmanuu. C yBenwmueHHEM cKopocTH aedopmaiuu 20 MM/MHH OIHO30HHAs IICEBAOYIpyras aedopmaius
XapaktepusyeTcs napamerpamu o= 425 Mlla, £,:=2,3%, E,4=19,3 I'lla. Beenenue B yriemactuk YHT-2-4 yBenu4uino
npouHocTtk Ha cxxatne YHT-2 — 6% YHT-3 — 12%, YHT-4 — 17%, monyns ynpyroctu Ha 13-20%.

BBenenune

B nactosmee Bpemsi yruemnactuku (YI'TI) Ha ocHoBe snokcugnbix cmoin (DC), HaxonsT
LIMPOKOE NMPUMEHEHHUE B PA3JIMYHBIX OTPACIAX NMPOMBIIIJIEHHOCTH, KaK aBUALUs, pAKETOCTPOCHHUE,
Osaroziaps BBICOKMM (U3MKO-MEXaHMYECKUM Xapakrepuctukam. Ha mpaktuke, npounocts OC u
VYT'TI xapakTepu3yroT MpeaesioM IPOYHOCTH Gn, MOAyNeM ynpyroctu E, nonHoit negopmarueit npu
paspyuienun g, [1,2]. XapakTepHble quarpaMMbl 3aBUCUMOCTH HANpPsHKEHHO-IE()OPMUPOBAHHOTO
cocrostHus JC n YI'TI mpencraBieHsl Ha pucyHKe 1.

A
(6]

>
€

Pucynox 1 — Tunu4Hble 3aBUCUMOCTH HANPSHKEHHO-e()OPMUPOBAHHOTO COCTOSIHUSI STIOKCHIHOM cMoutsl (1) 1
yrieruiactuka (2) mpyu OTHOOCHOM C)KaTUH

Kak BuaHO u3 3Toro pucyHka, kpusas uisi OC HMMEET CIIOXHBIA XapakTep Ha KOTOPOM
MIPUHATO BBLACTATH 30HY yrpyroi nedopmanuu () 3aBepiiaeMoil mpeaesnoM TEKy4ecTH Gr, Jlajnee
ClleyeT HHCIAAAMMI M Topu3oHTaIbHBIN y4acTok (Il) 30HBI TUTacTHUeckoil nedopmaryu,
KOTOpasi IUIABHO MEPEXOIUT K BOCXOAsIIEMY y4acTKy 30HbI ynpounenus (I11) BmioTs go nmpenena
NPOYHOCTH On € paspymieHueM oOpasua [3,4]. Jns cmywas VYITI, kpuBas HanpspkeHHO-
neOPMUPOBAHHOTO COCTOSTHUSI COCTOMT M3 OJHOH, ONMM3KOW K ympyrod ¢ase, 3aBepriacMoit
paspylieHreM oopasia.
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Onaum u3 Meronos ynpouneHus DOC u YI'TI sBrnsercs ux momaudukanus ImyTeM BBEICHUS
yraepoaabix  HaHoTpyook (YHT) [5]. YHT Moryr BBOAMTBCS Kak TIEPBUYHBIC, TaK W
(GYHKIIMOHATU3UPOBAHHbBIE, TOJy4YaeMble IyTeM JOMOJHUTENbHON UX O0O0pabOTKHM C LEeJbio
aktuBanuu. CyIliecTByeT TpU OCHOBHBIX Merona ¢yHkumoHanmuzanuu YHT, moapaszymeBaromiuii
XUMHUYECKYIO IPUBUBKY K MIOBEPXHOCTH HAHOTPYOOK (pyHKIIMOHAIBHBIX rpyni [6]. [1epBslit cioco6
ocymecTBisiercs mnyreM oOpaborku YHT a3oTHON KHCIIOTOH, B pe3yibTare KOTOPOrO HX
MMOBEPXHOCTH AKTUBUPYIOTCSA MPUBUTBHIMU KapOokcuiabHbIMH Tpynmamu COOH. Takme YHT
Ha3bIBAIOT KapOOKCHIMPOBAaHHBIMU. BTOpBIM BUAOM akTUBaImu sBisieTcst oopadotka YHT cmechio
kucioT H>SOs+HNQO3. B pe3ynbrare TOBEPXHOCTH YIJIEPOJHBIX HAHOTPYOOK ITOKPBIBAIOTCS
npuBUTHIMU KapookcunbHeIMU COOH, kap6onunsabiMu CO 1 rugpokcuibHbiMU TpyninamMu OH [7,
8]. Takue YHT yciaoBHO MOKHO Ha3BaTh KapOOKCUIBHO-THIPOKCHINPOBAHHBIMU. TpeThuM BUAOM
¢dbynkunonanm3upoBanabix YHT sBisitorcs amuaupoBansble. [Iponecc ux (GyHKIMOHAIH3AIUN
3aKJII0YAeTCsl BO BTOPUYHOM 00paboTke kapOokcunupoBanHbix YHT amMMmuakoM, B Xoie KOTOPOTo
noBepxHoctu mnokpeiBatoTcest NH2 rpynmamu [9]. Ins ynoOGcTBa BBeneM cieayromye 0003HaAUYCHUS
g nepeuncieHHbix BunoB YHT: mepBuunsie — YHT-1, kapbokcunmupoBanusie — YHT-2,
KapOOKcUIIbHO-TUApoKcuInpoBanuble — YHT-3, amunupoBannsie — YHT-4.

Panee B pabore [10] uccnegorano Bausinue Y HT-1-4 na koneunyto npounocts OC u YI'IL, a
TaKXe WX 3aBHCUMOCTH OT CKOPOCTH aedopmanuu. OUYeBHIHO, PEACTABISIET HHTEPEC AAHHBIE IO
BnusiHuio YHT Ha CTpykTypy HampspkeHHO-Ie(hOpMHUPOBAHHOTO COCTOSIHUS, a TakKe YIpyrue
xapakrepuctuku JC u YI'TI. OnHako, 3T1 BOIPOCHI IPAKTUYECKHU HE UCCIIEJOBAHBI.

Llenpto maHHOTO WHCCleAOBaHUA sBIseTcs u3ydeHue BiusHus YHT-1-4 Ha crpykTypy
HaNpsLKEHHO-/1e()OpMHUPOBAHHOIO COCTOSIHUS U ynpyrue coiictBa YI'TI.

JKCNEePUMEHTAJIBbHASA YACTh U 00CyKIeHue pe3yJbTaToB

B xagectBe OC HCHONB30BaH ANOKCUIHBIM KOMIAYHZ «TOPSYETO OTBEPKACHUS» OTaj
Nuxexkt-T, cocrosimmii 13 KOMIIOHEHTOB: A — BMOKCUIHAs cMoja, b — oTBepauTE s B MAaCCOBOM
cootHomennn 100:49,9 [11]. Momuduuupyomumu A00aBKaMu  SIBISUTUCH — YTIIEPOJHBIC
HaHOTpYOKH «Taynutr-M» (OOO «HanotexueHnTtp», r.Tam60B) u ux monuduxamuu: YHT-1, YHT-
2, YHT-3,YHT-4. YHT-1 cunrte3upoBansl CVD-MeTO0M B peakTope C HarpeBaeMou MOJI0KKOM
u3 mnpomnaH-OyraHOBOM cmecu Ha karaimuzatope Co/Mo/Mg/Al. Hanotpybku cocrosr uz 6-10
LHMIMHJIPUYECKUX IPa(EeHOBBIX CIIOEB, BHEIIHUM AuaMeTp OoT 8 A0 15 HM, BHYTpEHHUMN auaMeTp OT
4 no 8 um [12]. ApmupyronM KoMInoHeHToM ciyxuia yrinetkanb KDK Sigratex [13]. Oopa3ist
m3rotaBnuBanu 1o wmetonuke [10]. Xummueckuit cocraB YI'TI mpencraBnen B Tabnuue 1.
N3mepenne mexanndeckoit nmpounocty muactud YITI, a takxke ¢ conep:xkanuem YHT nposoauiiacs
Ha CKaTHe Ha DIIEKTPOMEXaHHUYECKOW ucmbIiTareapbHON Mamuae Shimadzu AG-100 kNx wu
Zwick/Roell Z050 mpu ckopoctu nepopmaruu 1 mm/mMuH cormacio ASTM 6641/D6641 [14].

Pesynbprarel Mmexannueckux ucnbiTanuii YI'TI npuBenensr Ha pucyHkax 2-3 u B Tabmuie 2.

Ha pucynke 2 mpuBeieHbl 3KCIIEpUMEHTAIbHbIE KPUBBIE HANpsHKEHHO-IE(POPMHUPOBAHHOTO
cocrostHust oOpasnoB YITI Ne 1 m Nel3 mpu passeix ckopoctax aepopmanuu. B tabnume 2
IIPUBE/ICHHBIE JKCIIEPUMEHTAJIbHBIE JAHHBIE U PE3yNbTaThl pacueTa IMPOYHOCTHBIX M YIPYTHUX
xapakTepucTuk oopasios Nel-13 B 3aBucumoctr or YHT u ckopoctu nedopmanmn.

Ha xpuBoii YI'TI 6e3 no6aBok YHT (a) 4eTKO BHIHBI TPHU 30HBI, 3TU 30HBI HE MOBTOPSIOT
30HbI nedopmaruu IC, oaHAKO, ABIAIOTCS UX oTpaxkenueM. 3oHa | YI'TI cnabo BeipakeHa, HAKIIOH
B 30He || mMensbie, uem B 30He |ll, yTo roBopHuT 0 TOM, 4yTO B 30HE |l MMeeT MecTo muacTuyeckas
COCTaBJISIFOIIAs, HO OHA HE B TAKOW Mepe BhIpakeHa Kak B ciydae JC.
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Tabnuna 1 — XuMuyeckuit coctTaB IKCIEPUMEHTaIbHBIX 00pa3IoB yriemiacTuKa

Xumuueckuii coctaB, %
Oopaser Ne YI'TI YHT-1 | YHT -2 | YHT -3 | VHT-4
1 100 - - -
2 99,95 0,05
3 99,90 0,1
4 99,85 0,15
5 99,95 0,05
6 99,90 0,1
7 99,85 0,15
8 99,95 0,05
9 99,90 0,1
10 99,85 0,15
11 99,95 0,05
12 99,90 0,1
13 99,85 0,15
o, Mlla
500

400 +

200 —+

100 +

Pucynok 2 — HanpsikeHHO-1epOpMHUPOBAHHOE COCTOSIHUE YIIIEINIACTUKA MIPU CKOpocTH Aedopmanuu 1 MM/MUH:
(a — obpasen Nel; b — o6paser Nel3), npu ckopoctu aedopmarmn 20 mm/MuH:(c — oOpaser; Nel)

3oHy | MO>XHO Ha3BaTh ynpyroi aedopmanueii, 3ony |l - ynpyro-mnactuyeckoii, 3ony I —
ncepnoynpyroil. HauOousblee oTianuue MexXay KpPUBBIMU —HaNpspKEHHO-Ie(POPMHUPOBAHHOTO
coctostHust 00pas3roB Nel u Nel3, mist o6paszmoB Ne2-12 HOCAT MPOMEKYTOUHBIH Xapaktep. Kpuas
nedpopmanmu YI'TI ¢ YHT-4 na pucynke 2b otimuaercst ot kpuBod YITI 6e3 nobaBox YHT
(pucyHOK 2a) TeM, 4TO COKpalleHa ympyro-mactudeckas 30Ha ||, myrem mepememienus 30ub1 111
BIIeBO. B oTHOmeHun ynpyrux csoiictB YI'TI, xapakrepusyemeix monaysnem ymnpyroctu E, ctporo
roBopsi, npumeHumMo Toibko K 30He |ll. OnnoBpemenHo c¢ E mnenecoobpa3Ho BBeCcTH Tak
Ha3piBaeMbli 3¢ dexTuBHBI Momynb ynpyroctd E,p, Kak cpeaHee s BCero mpoiecca
nepopmaruu YITI. Pe3yiabTaThl ympyro-mpoOYHOCTHBIX CBOHCTB oOpa3ioB Nel-13 mpuBencHbl B
Tabnure 2.
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Tabmuma 2 - Yapyro-npounoctHsie cBoiictBa YI'TI (ckopocts nedopmariuu 1 Mmm/MuH)

O6pasen Conep- €1,% o1, Ej, €% G, Ex, Eoyp,
Ne kanue, % Mlla I'Tla MlIla I'Tla I'Tla
14 - 1,8 183 10,3 2,9 410 14,1 20,6
15 0,05 - 180 - - 410 - -
16 0,1 - 181 - - 409 - -
17 0,15 - 181 - - 409 - -
18 0,05 1,2 144 12,0 2,6 417 16,0 19,5
19 0,1 1,2 144 12,0 2,6 421 16,1 19,7
20 0,15 1,2 145 12,1 2,6 426 16,3 20,4
21 0,05 1,2 144 12,0 2,6 420 16,2 19,7
22 0,1 1,2 144 12,0 2,6 429 16,5 20,3
23 0,15 1,2 144 12,0 2,7 455 16,8 194
24 0,05 1,2 144 12,0 2,6 425 16,3 20,0
25 0,1 1,2 145 12,1 2,8 466 16,6 20,1
26 0,15 1,2 145 12,0 2,8 476 17,0 194

W3 npencraBneHHBIX NaHHBIX B Tabmuile 2 BuAHO, nepBuyHbie YHT-1 He oka3pIBalOT BIUSHUS
Ha mnpouHocth cxarus YITL. DddexruBrocts BrmusHus YHT B KadecTBe yHpOUYHSIOMIETO
MoaudukaTopa pacrnonararoTcsi B Bo3pacrtatomeM B psaag YHT-2, YHT-3, VHT-4. Beeaenue
moudunmposannoro YHT natot ynpounenue ¢ 6% mo 17%, moxyns ynpyrocta E ¢ 13% no 20%,
MOJydb 3(PQPEKTUBHOCTH MpaKTHUYeCKH coxpaHsercs B auanazoHe 19,8 I'Tla. HauOonprmii
ynpoussitomuii 3¢pdext npumenenus YHT nonyden na obpasne Nel3 VITI, conepxammii 0,15%
amuupoBanHbix YHT.

Paccmorpum Biusinue ckopoctu nedopmaruu YI'TI Ha ipeen mpoYHOCTH, MPeCTaBISHHBIN
Ha PUCYHKeE 3.

CROPOCTE DEJOpasi g, MM IH

PI/IcyHOK 3 — 3aBHCHMOCTD MPOYHOCTH YIJICTUIACTHKA OT CKOPOCTHU ,ue(bopMaunn

W3 BeIIENpUBEIEHHOTO pUCYHKA 2 BUJHO, uTo KpuBas nedopmanuu YI'TI npu 20 mm/mMuH
(pucCyHOK 2c) oTiIM4aeTcss OT KpuBOW Aedopmanuu 1 MM/MUH Te€M, YTO OHA COCTOUT TOJIBKO U
OJIHOM 30HBI NCEBIOYNPYroi aegopmalu U XapakTepusyercs BeaUuuHON E.¢. Jlanubii ad ekt
coryacyercst ¢ oHo30HHON nedopmarmeir 3C npu ckopoctu nedopmannu 20 Mmm/mMuUH. Moyib
s dextuBHOCTH niceBnoynpyroi aeopmanuu 30HbI Il Esg cocraBnser 20,6 I'Tla npu cxopoctu 1
MM/MuH, Tipa ckopoctu 20 mm/muH — E,p=E=19,3 I'Tla. U3 pucynka 3 ciemyer, 4To yBeIUYCHHE
ckopocTH aedopmannu 20 MM/MUH IPUBOAUT K yBeNWYeHHIO 6 HA 7 % ¢ 401 MIla (1 mm/Mun) 1o
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425 MlIla (20 MmM/MUH), ¢ TaJLHEUIIUM yBEIIMUYEHHUEM POCT CKOPOCTH JaedopMmaiiuu JOCTUTHYTas
BEJIMYMHA G UMEET TEHJCHIIUIO COXPAHECHHUS.

BriBOaBI

IIpu ckopoctax nedopmaruit YITI mo 20 MM/MHH HaOMIOMAOTCS 30HBI  YIPYroi
(cnaGoBbIpaXkeHa), YMPYro-ruIaCTUYECKOM W ICEeBAOYNPYroi nedopmanuu, KOTOpBIE SBISIOTCS
orpaxxeHueM 30H aedopmanuu OC. Ilpm ckopoctsx aedopmamuu > 20 MM/MHH TpeX30HHas
CTPYKTYpa MEPEXOJUT B OJHO30HHYIO MICEBAOYIPYTroi aedopmarun ¢ napamerpamu: 6= 425 Mlla,
€r=2,3%, E=19,3 I'Tla. Hau6onbmmii 3¢ dext ynpounenus YI'TI nanu amuauposanusie YHT-4, npu
ux conepxkanuu 0,15% npouHocts Bo3pocia Ha 17%.
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