Brief information about the program

Program Name

BR18574219 Development of environmentally safe technologies for
obtaining innovative products from natural and raw materials of
Kazakhstan

Relevance

Kazakhstan possesses significant reserves of rare metals but lacks
enterprises specifically for rare metal raw materials. During the Soviet era,
several rare metals were produced at Kazakhstan's non-ferrous metallurgy
enterprises.

The revival of the rare metal industry should become the driving force
of the mining and processing industries.

The involvement of rare metal deposits, along with industrial products
and waste from various productions, into industrial processing will be a
breakthrough direction in the technological development of the Republic
of Kazakhstan.

As is known, modern technologies, which form the foundation of an

innovative economy, are based on high product quality, energy and
material savings, and environmental safety of processes. Supercritical fluid
technologies (SCFT), which are based on simple reagents such as carbon
dioxide, water, etc., are large-scale productions covering many industrial
sectors. Every year, several million tons of plant raw materials are
processed worldwide using CO2. It is CO2 that has found the most
widespread use as an extractant in SCFE processes due to its inertness, non-
toxicity, and affordability.
From 2018 to 2020, the Target Program "Green Technologies Based on
Supercritical Media™ was successfully implemented at CPCMRA. The
current project of the Program is its continuation and provides for the
comprehensive processing of raw materials, semi-finished products, and
technogenic waste containing valuable components using SCFT; the
development of environmentally safe technologies for producing special-
purpose metals and alloys.

Goal

Comprehensive processing of raw materials, semi-finished products, and
technogenic waste containing valuable components using supercritical
fluid technologies (SCFT). Development of environmentally safe
technologies for obtaining special-purpose metals and alloys.

Objectives

Develop and certify new methods for analyzing rare and rare-earth metals
and their impurities in state authorities;

Develop scientific foundations for the technology of obtaining rare-earth
metal concentrates;

Develop technologies for the associated extraction of rare elements from
mother liquors of the technological cycle of mining enterprises of JSC
"NAC "KazAtomProm";

Obtain individual metals from collective REE extracts isolated from
technogenic waste and natural raw materials using SCFE methods;
Develop technologies for obtaining high-purity Hg, Zn, Cu, In;

Create a technology for producing precision titanium alloys with ultrafine-
grained structures using rare and rare-earth metals;

Develop a universal high-efficiency flow reactor with an original catalyst
for the production of biodiesel fuel.




Expected and As a result of the Program's implementation, the following outcomes
Achieved specified in Technical Specification No. 26 for the competition will be
Results achieved:

- New methods for analyzing rare and rare-earth metals and their
impurities will be developed and certified in state authorities;

- SCF technologies for the comprehensive processing of natural
(Kundybay deposit) and technogenic (phosphogypsum dumps of LLP
"Kazphosphate™) raw materials with the extraction of a number of rare and
rare-earth metals will be developed;

- A technology for the associated extraction of rare elements from
mother liquors of the technological cycle of mining enterprises of JSC
"NAC "KazAtomProm" will be developed,;

- Methods for obtaining high-purity Hg, Zn, Cu, In will be created,;

- Technologies for producing precision titanium alloys with ultrafine-
grained structures using certain rare and rare-earth metals will be
developed;

- A universal high-efficiency flow reactor with an original catalyst for
the production of biodiesel fuel will be developed:;

- At least 5 (five) articles and/or reviews will be published in peer-
reviewed scientific journals in the scientific field of the program, included
in the 1st, 2nd, or 3rd quartiles of the Web of Science database and/or with
a CiteScore percentile of at least 50 in the Scopus database; as well as 5
(five) articles in journals recommended by SHEQAC;

- At least 3 patent applications for utility models and/or inventions will
be submitted.

The following results were obtained for 2023-2024:

1.New methods for analyzing rare and rare-earth metals and their
impurities were developed and certified in state authorities. Methods for
analyzing pure mercury, indium, and zinc were developed, and standards
for the necessary analysis methods were obtained.

2.SCF technologies and technological schemes for the comprehensive
processing of natural (Kundybay deposit) and technogenic
(phosphogypsum dumps of LLP "Kazphosphate™) raw materials with the
extraction of rare and rare-earth metals were developed. Optimal modes
for extracting REE extracts from natural and technogenic raw materials
under SC-CO2 conditions were determined. A concentrate with a Ce
content of 80% was obtained by oxidizing Ce (I1I) to Ce (IV) followed by
precipitation.

3.A technology for the associated extraction of rare elements from
mother liquors of the technological cycle of mining enterprises of JSC
"NAC "KazAtomProm" was developed. The parameters of the extraction
concentration of rhenium with trialkylamine modified by decyl alcohol
dissolved in a hydrocarbon mixture were studied. The fundamental
possibility of obtaining crude ammonium perrhenate by processing
rhenium-containing nitrate desorbate through extraction and conducting
the process in two stages was established. Crude ammonium perrhenate
with a rhenium content of 67.4% was obtained.

4.Methods for obtaining high-purity Hg, Zn, Cu, In were created. An
electrolyzer for obtaining pure mercury was designed. A semi-industrial




batch of mercury weighing 18.87 kg with a purity of 99.999% was
produced. An electrolyzer for obtaining indium and zinc was
manufactured. The process mode was worked out, and indium and zinc
with a purity of 99.9999% were obtained. A method for reducing copper
(11) ions to elemental ultradispersed copper was developed. The influence
of the main electrolysis parameters on the chemical composition and
dispersion of copper powders was determined. It was shown that in the
presence of titanium (IV) ions and under alternating current polarization,
more finely dispersed powders are formed. A method for obtaining copper
sulfide was developed, protected by a RK patent for an invention.

5.Technologies for producing precision titanium alloys with ultrafine-
grained structures using certain rare and rare-earth metals were developed.
The alloy structure after superplastic deformation represents a dispersed
mixture of equiaxed grains of alpha and beta phases. The optimal
temperature-strain rate modes for 0Zr and 0.5Zr alloys were identified.
The results allow for the recommendation of optimal deformation modes
ensuring maximum mechanical properties and material stability.

6.A universal high-efficiency flow reactor with an original catalyst for
the production of biodiesel fuel was developed. Original catalysts for
biodiesel fuel production were created, and the technology for biodiesel
fuel production in a continuous-flow supercritical installation was
optimized, allowing for biodiesel fuel meeting the EN14214 standard, with
a maximum yield of fatty acid esters of ~90-94%.

7.Four articles were published in peer-reviewed scientific journals in
the scientific field of the program, included in the 1st, 2nd, or 3rd quartiles
of the Web of Science database and/or with a CiteScore percentile of at
least 50 in the Scopus database; as well as 7 articles in journals
recommended by SHEQAC; 5 patents for utility models and/or inventions
were obtained.

Names and
surnames of
research team
members with their
identifiers (Scopus

1. Nauryzbayev Mikhail Kasymovich, Doctor of Technical Sciences,
Professor, Academician of KazNAEN. Hirsch Index — 9 (Scopus). Web
of Science Researcher ID — D-3432-2012
https://www.webofscience.com/wos/author/record/180447,1093398,271
60849 ORCID: 0000-0002-6781-6464 https://orcid.org/0000-0002-



https://www.webofscience.com/wos/author/record/180447,1093398,27160849
https://www.webofscience.com/wos/author/record/180447,1093398,27160849
https://orcid.org/0000-0002-6781-6464

Author ID,
Researcher 1D,
ORCID, if
available) and links
to relevant profiles

6781-6464 Scopus ID: 6506602038
https://www.scopus.com/authid/detail.uri?authorld=6506602038

2. Tokpayev Rustam Rishatovich, PhD, Corresponding Member of
KazNAEN Hirsch Index — 5 (Scopus). Author ID in Scopus —
56998810900
https://www.scopus.com/authid/detail.uri?authorld=56998810900
Researcher ID Web of Science D-3859-2015
https://www.webofscience.com/wos/author/record/440647 ORCID ID
0000-0002-0117-4454 https://orcid.org/0000-0002-0117-4454

3. Galeeva Alina Kulbaevna, PhD, Associate Professor Hirsch Index —
6 (Scopus). ResearcherID Web of Science: A-8292-2015
https://www.webofscience.com/wos/author/record/1099919 ORCID:
0000-0001-9303-5277 https://orcid.org/0000-0001-9303-5277 Scopus
ID: 56436524000
https://www.scopus.com/authid/detail.uri?authorld=56436524000

4. Baeshova Azhar Kospanovna, Doctor of Technical Sciences,
Professor Hirsch Index — 3 (WoS). ResearcherlD Web of Science: A-
8794-2015
https://www.webofscience.com/wos/author/record/1749768,5185356,41
861088 ORCID: https://orcid.org/0000-0002-9076-8130, Scopus Author
ID: 56177619400.
https://www.scopus.com/authid/detail.uri?authorld=56177619400

5. Atchabarova Azhar Aidarovna, PhD Hirsch Index — 5 (Scopus).
ResearcherlD Web of Science: D-3857-2015
https://www.webofscience.com/wos/author/record/1355961,46719493,5
3537705 ORCID: 0000-0002-4600-2728 https://orcid.org/0000-0002-
4600-2728 Scopus ID: 56998822600
https://www.scopus.com/authid/detail.uri?authorld=56998822600

6. Avchukir Khaisa, PhD Hirsch Index — 4 (Scopus). ResearcherID
Web of Science: P-5738-2017
https://www.webofscience.com/wos/author/record/1708940,28914729
ORCID: 0000-0001-6612-0775 https://orcid.org/0000-001-6612-0775
Scopus ID: 57207207777
https://www.scopus.com/authid/detail.uri?authorld=57207207777

7. Kishibayev Kanagat Kazhmukhanovich, PhD Hirsch Index — 5
(Scopus). Author ID in Scopus — 56604294100
https://www.scopus.com/authid/detail.uri?authorld=56604294100
Researcher ID Web of Science C-7678-2015
https://www.webofscience.com/wos/author/record/715617,53609035
ORCID ID 0000-0003-1590-5243 https://orcid.org/0000-0003-1590-
5243

8. Shapovalov Yuriy Alexandrovich, higher education, Doctor of
Technical Sciences, Academician of KazNAEN Hirsch Index — 1
(Scopus). Author ID in Scopus — 57216613061
https://www.scopus.com/authid/detail.uri?authorld=57216613061
Researcher ID Web of Science DYN-3210-2022
https://www.webofscience.com/wos/author/record/16073613 ORCID ID
0000-0002-4107-1636 https://orcid.org/0000-0002-4107-1636

9. Zlobina Elena Viktorovna, Ph.D. Hirsch Index - 1 (Scopus).
Scopus ID: 41262845500
https://www.scopus.com/authid/detail.uri?authorld=41262845500
ResearcherlD Web of Science: A-5782-2015
https://www.webofscience.com/wos/author/record/1395894

10. Ismailova Akmaral Gazizovna, Ph.D. Hirsch Index - 2 (Scopus).
Scopus ID: 57193336562.
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https://www.scopus.com/authid/detail.uri?authorld=57193336562
ORCID: 0000-0002-5555-2705
https://orcid.org/0000-0002-5555-2705 ResearcherlD Web of Science:
FAO-7992-2022
https://www.webofscience.com/wos/author/record/22898385

11. Ishkenov Anvar Rakhimovich, Candidate of Chemical Sciences
Hirsch Index - 1 (WoS)

Researcher ID Web of Science FBN-0635-2022
https://www.webofscience.com/wos/author/record/23091029

12. Khavaza Tamina Narimanovna Hirsch Index - 4 (Scopus).

Author ID in Scopus - 57345081100
https://www.scopus.com/authid/detail.uri?authorld=57345081100
Researcher ID Web of Science: GEW-4233-2022
https://www.webofscience.com/wos/author/record/30114620,53605324
ORCID ID 0000-0002-1614-3060
https://orcid.org/0000-0002-1614-3060

13. Abduakhytova Dinara Aktaikyzy Hirsch Index - 3 (Scopus).
ResearcherlD Web of Science: GYA-5917-2022
https://www.webofscience.com/wos/author/record/34846135 ORCID
ID: 0000-0002-4316-0755

https://orcid.org/0000-0002-4316-0755 Scopus ID: 57344630000
https://www.scopus.com/authid/detail.uri?authorld=57344630000

14. Ibraimov Zair Tairovich, doctoral student of 3rd year Hirsch Index
- 2 (Scopus).

Author ID in Scopus - 57345388600
https://www.scopus.com/authid/detail.uri?authorld=57345388600
ORCID 0000-0002-1476-3231

https://orcid.org/0000-0002-1476-3231 ResearcherlD Web of Science:
CWH-1075-2022
https://www.webofscience.com/wos/author/record/9271482,32540595
15. Bekishev Zhenis Zhumakhanovich Hirsch Index - 1,

Author ID in Scopus - 57382007800
https://www.scopus.com/authid/detail.uri?authorld=57382007800

16. Beknazarov Kanat Isatayuly ORCID ID 0000-0001-5023-0486
https://orcid.org/0000-0001-5023-0486 ResearcherlD Web of Science:
IUY-5405-2023
https://www.webofscience.com/wos/author/record/46794978

17. Nefedov Alexander Nikolaevich

18. Tkacheva Galina Dmitrievna, higher, PhD in Chemistry Hirsch
Index - 1 (WoS).

Author ID in Scopus - 24582591200
https://www.scopus.com/authid/detail.uri?authorld=24582591200
ResearcherID Web of Science: ECF-9968-2022
https://www.webofscience.com/wos/author/record/16970369

19. Baltabaev Murat Yergalievich, Ph.D. Hirsch Index - 3 (Scopus).
Author ID in Scopus - 57201335738
https://www.scopus.com/authid/detail.uri?authorld=57201335738
ResearcherlD Web of Science: EMH-6445-2022
https://www.webofscience.com/wos/author/record/19406837,43850226
20. Naqyp Obdirakym Muratuly, doctoral student of the 1st year
Hirsch Index - 1 (Scopus).

Author ID in Scopus - 58561589100
https://www.scopus.com/authid/detail.uri?authorld=58561589100
ORCID: 0000-0002-7189-9928
https://orcid.org/0000-0002-7189-9928 ResearcherlD Web of Science:
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JDN-0866-2023
https://www.webofscience.com/wos/author/record/48948579

21. Bekey Akbayan, 2nd year doctoral student ResearcherlD Web of
Science: JCV-9290-2023
https://www.webofscience.com/wos/author/record/48777556

22. Baitulaeva Bakhyt Kambaralievna

23. Kalugina Svetlana Mikhailovna ResearcherlD Web of
Science:1LQ-3007-2023
https://www.webofscience.com/wos/author/record/44462751

24. Koyshybekova Aizhan Kairatkyzy

25. Kudaibergen Olzhas Kdorgyzalyulyyuly

26. Zhaksybay Bagashar Bakhytuly

27. Tolbai Dinmukhamed Zambululy

28. Askar Maratovich Mukanov

29. Balgyn Zhasulankyzy Dyusenkulova

30. Tolegen Nazerke Teregeldikyzy

31. Terlikbaeva Alma Zholdasovna, Ph.D., RSE NC CPMC RK Hirsch
Index - 4 (Scopus).

Author ID in Scopus - 57205372715
https://www.scopus.com/authid/detail.uri?authorld=57205372715
ORCID 0000-0002-2537-897X
https://orcid.org/0000-0002-2537-897X ResearcherlD Web of Science:
AAQ-2883-2020
https://www.webofscience.com/wos/author/record/2017459,30067569,5
1 212557

32. Shayakhmetova Roza Abdrakhmanovna, Ph.D., RSE NC CPMC
RK Hirsch Index - 2 (Scopus).

Author ID in Scopus - 6506211149
https://www.scopus.com/authid/detail.uri?authorld=6506211149
ORCID 0000-0003-2265-2125
https://orcid.org/0000-0003-2265-2125 ResearcherlD Web of Science:
DTW-0858-2022
https://www.webofscience.com/wos/author/record/14961260

33. Alimzhanova Aliya Margulanovna, PhD, RGP NC CPMC RK
Hirsch Index - 2 (Scopus).

Author ID in Scopus - 57190441009
https://www.scopus.com/authid/detail.uri?authorld=57190441009
ORCID 0000-0001-6098-7626
https://orcid.org/0000-0001-6098-7626 ResearcherlD Web of Science:
FYU-2530-2022
https://www.webofscience.com/wos/author/record/28712923

34. Mukhametzhanova Anar Amankeldykizy, RSE NC CPMC RK
Hirsch Index - 1 (WoS).

ResearcherlD Web of Science: HJT-0790-2023
https://www.webofscience.com/wos/author/record/37561006

35. Sakhova Banu Tileubergenovna, Master, RGP NC CPMC RK
36. Kaali Aynur ©zimkhankyzy, Master, RSE NC CPMC RK

37. Baeshov Abduali Baeshovich, Doctor of chemical sciences,
Professor, JSC ‘Institute of fuel, catalysis and electrochemistry named
after D.V.Sokolsky’. D.V.Sokolsky Institute of Fuel, Catalysis and
Electrochemistry

Hirsch Index - 4 (Scopus).

Author ID in Scopus - 55829870400
https://www.scopus.com/authid/detail.uri?authorld=55829870400
ORCID 0000-0003-0745-039X
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https://orcid.org/0000-0003-0745-039X ResearcherlD Web of Science:
AHE-8230-2022
https://www.webofscience.com/wos/author/record/3893742,4494879
38. Turlybekova Makpal, JSC ‘Institute of Fuel, Catalysis and
Electrochemistry named after D.V.Sokolsky’. D.V. Sokolsky Institute of
Fuel, Catalysis and Electrochemistry

39. Fatima Mukhambetzhankyzy Zhumabay, JSC ‘Sokolsky Institute
of Fuel, Catalysis and Electrochemistry’. D.V.Sokolsky Institute of
Fuel, Catalysis and Electrochemistry JSC

Hirsch Index - 1 (WoS).

ResearcherID Web of Science: DYB-9119-2022
https://www.webofscience.com/wos/author/record/15969520

40. Toksanbayev Bolatbek Zhakypbekovich, PhD, ‘Institute of High
Technologies’ LLP

41. Iskakov Zaken Alisherovich Zaken Alisherovich, Institute of High
Technologies LLP

42. Kumarbekova Almira Tursbekovna, Institute of High Technologies
LLP

43. Artem Sergeevich Fomenko, Institute of High Technologies LLP
44. Ergeshev Akim Ruslanovich (NITU ‘MISIS’, Moscow, RF) Hirsch
Index - 1 (Scopus).

Author ID in Scopus - 57219942105
https://www.scopus.com/authid/detail.uri?authorld=57219942105
ORCID 0000-0003-0581-4620

https://orcid.org/0000-0003-0581-4620 ResearcherlD Web of Science:
AGV-0967-2022
https://www.webofscience.com/wos/author/record/3817212

45. Mazanov Sergey Valeryevich, Ph.D., KNITU (Kazan, Russia)
Hirsch Index - 4 (Scopus).

Author ID in Scopus - 7801635831
https://www.scopus.com/authid/detail.uri?authorld=7801635831
ResearcherID Web of Science: FMW-3101-2022
https://www.webofscience.com/wos/author/record/25793494

List of publications
with references

Articles in the publications included in 1-3 quartiles of WoS or having
CiteScore percentile in Scopus database not less than 50

1. A.Zh. Terlikbayeva, A.M. Alimzhanova, G.K. Maldybayev, A.A.
Mukhametzhanova, B.T. Sakhova, G.M. Koishina, A. Zharmenov. The
Influence of Zirconium Addition on the Structure and Properties of ti-
2.5al-5v-5mo Alloy Sheets // Case Studies in Chemical and
Environmental Engineering. — Vol.10. — 2024. WoS, Q1. Procentile —
91. https://doi.org/10.1016/j.cscee.2024.100964

2. R.A. Usmanov, S.V. Mazanov, A.U. Aetov, A.R. Gabitova, I.1.
Monakhov, F.M. Gumerov, Transesterification of oils with high contents
of saturated and unsaturated fatty acids in supercritical fluid conditions.
The Brazilian Journal of Chemical Engineering. WoS Q3. Procentile —
41. https://doi.org/10.1007/s43153-025-00540-9

3. S.V. Mazanov, A.U. Aetov, A.R. Gabitova, M.K. Nauryzbaev, Yu.A.
Shapovalov. Catalytic transesterification of rapeseed oil under
supercritical fluid conditions and physical properties of the reaction
product // International Journal of Innovative Research and Scientific
Studies. — 8(1) 2025, Procentile —69. — P. 333-342.
https://doi.org/10.53894/ijirss.v8i1.4167

4. Yu. Shapovalov, S.Mazanov, A.Aetov, D. Kamysbaev, R.Tokpayev,
F. Gumerov, Separation of rapeseed oil transesterification reaction
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5. LLA. Kalina, Zh.Zh. Bekishev, E.V. Zlobina, A.G. Ismailova, Kh.S.
Tassibekov. Extraction of rhenium with trialkylbenzylammonium
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Articles in publications recommended by SHEQAC MSHE RK

2023 year:

1. A K. TepnmukbaeBa, A.M. AnuvmkanoBa, P.A. [IlasxmeroBa, A.A.
MyxamerkanoBa, b.T. CaxoBa / TeopeTnueckue pacueThl U MMOCTPOCHUE
(ba30BBIX AHarpaMM MHOTOKOMITIOHEHTHOM cuctemsl Ti-Al-Mo-V-Zr /
Hayunslii xypnan TopalireipoB yauBepcuteta. Hayka u TexHuka
Kazaxcrana. — 2023. — Ne 4. — C. 204-215.
https://doi.org/10.48081/CTWE8923

2. C.B. Mazanos, A.O. ConoBbéBa, A.Y. Aeros, 1.M. My6apakiiuH,
P.3. Mycun, A.B. Tapacosa. [Torydenne OHOIM3ETBHOTO TOILTUBA U3
macina aepesa llu // Becthuk KI'TY um. A.H. Tynonesa. — 2023. — Ne 1.
—C. 26-30.

3. 1.0K. Tonb6aii, XK. JK. bexumes, A.I'. Mcmaunosa, E.B. 3mo6una, X.C.
Tacubekos, T.K. Ixymanunos, 3.A.Mckakos, b.)K. Tokcan6aes, A.T.
Kymap6ekoBa, A.C. ®omernko CopOIMOHHOE U3BJICUCHHUE PEHUS
pa3TMYHBIME HOHUTAMH U3 MATOYHHKOB COPOIMH ypaHa // XUMUYICCKUI
xypHan Kazaxcrana. Ne4, 2023. — C. 142-150.
https://doi.org/10.51580/2023-4.2710-1185.47

2024 year:

4. P.P. Toknaes, T.H. XaBaza, 3.T. U6paumos, E.b. Tacemen, b.b.
XKaxkcei6aii, A.P. Umkenos, M.K. Haypsi36aes. Mccnenosanue
MIPOIIECCOB BBIIEIAUUBAHUS PEAKUX U PEIKO3EMENIbHBIX JIEMEHTOB U3
Py KOpBI BBIBETpUBaHUSI MecTOpoxAcHUS KyHapi0ai. XuMuueckuit
xypHan Kazaxcrana. — 3(87). — C.134-144.
https://doi.org/10.51580/2024-3.2710-1185.39

5. Abduali Bayeshov, Azhar K. Bayeshova A., Makpal N. Turlybekova.
Catalytic Effect of Titanium lons on the Cathodic Reduction of Selenium
(1), Copper (I1), Uranium (V1) lons and other Metals in an Aqueous
Solutions // Eurasian Journal of Chemistry. - 29, 3(115). — P. 55-64.
https://doi.org/10.31489/2959-0663/3-24-13

6. E.B. 3nmo6una, XK.JK. bekumes, A.I'. Ucmannosa, X.C. Tacubekos,
3.A. Uckakos, b.)K. Tokcan6aes, A.T. Kymap6exona, A.C. DoMeHKO
DKCTPaKIIMOHHOE U3BJICYCHUE U KOHIIEHTPUPOBAHNUE PEHUS U3
HUTPATHOTO peHuiicoepKamiero necopbara / XuMudeckuil sxypHa
Kazaxcrana. — 3(87). — C.145-156. https://doi.org/10.51580/2024-
3.2710-1185.40

7. 3.1. 3apunos, C.B. Mazanos, A.Y. Aeros, FO.A. [llanoBanos
N3o00apHas TEMI0eMKOCTh PHIOBETO KUPaA MPpHU TemmepaTrypax 1o 473,15
K u maBnenwmii 1o 39,2 Mna // BeCTHHK TEXHOJIOTHIECKOTO
yHuBepcuTeTa. — BecTHUK TexHosornueckoro yuusepeurera. 2024. T.27,
Nell. - C. 170-175. https://doi.org/10.55421/1998-

7072 2024 27 11 170



https://doi.org/10.3390/
https://doi.org/10.3390/met15020212
https://doi.org/10.48081/CTWE8923
https://doi.org/10.51580/2023-4.2710-1185.47
https://doi.org/10.51580/2024-3.2710-1185.39
https://doi.org/10.31489/2959-0663/3-24-13
https://doi.org/10.51580/2024-3.2710-1185.40
https://doi.org/10.51580/2024-3.2710-1185.40
https://doi.org/10.55421/1998-7072_2024_27_11_170
https://doi.org/10.55421/1998-7072_2024_27_11_170

Patent
information

2023 year:

1. baemos A., baemosa A.K., )Kapmenos A.A. // IlaTeHT Ha OJE3HYIO
Mozenb Ne7950. Crioco6 BoccTanoBieHust noHoB menu (1I).

2. Haypeiz6aeB M.K., Commn C.A., IlanoBanos FO.A., I'ymepo @.M.,
MaszanoB C.B., Toknaes P.P., Tyneyxanos C. // [latent Ha n3obperenue
No202091972. MobunbHasi yHUBEpCAIbHAS IPOTOYHAS Cy0-
CBEPXKpPUTHYECKAsl yCTAaHOBKA.

3. baemosa A K., baemoB A., )Kyma6aiit @.M., Taxxubaesa A.III. //
[TatenT Ha nzo6perenue Ne36190. Xumuueckuii criocod nosrydeHus
Cynb(huIa OJTHOBATICHTHOU MEIH.

2024 year:

1. Mazanos C.B., AeroB A.Y., XaitOymnun A.H., Haypsizbaes M.K.,
[TanosainoB FO.A. ITarent PO No2024665288. PacueT kKuHeMaTu4ecKon
BSI3KOCTH OMOJIM3€IbHOTO TOIUIMBA, MTOJIyYEHHOTO MPHU UCIOIb30BAHIHI
reTeporeHHbIX KaTanu3atopos. B peectpe nporpamm s 9BM 28
ntoHs 2024 r.

2. AetoB A.Y., Mazanos C.B., Xaii0oyumu A.H., [[Tanmosanos 10.A.,
Haypsiz6aes M.K. No2024682254 Pacyer miIoTHOCTH OMOAN3ETHHOTO
TOIUIMBA, MOTYYEHHOT0 U3 PAriCOBOI0 U MAJIbMOBOTO Macen B
CBEPXKpUTHYECKUX (prmonaHbIX yenoBusx. broa. Ne9, 19.09.2024

Quiality photos of visual material for the year 2024 :

Figure 1 - Developed scheme and installation of hermetic box with purification and

regeneration system for obtaining extremely pure Hg, Zn, Cu, In;




Figure 2 - Obtained purified white céu"l-;on black (technolgy of taining rare and rare-earth
metals and white carbon black from the weathering crust ores of the Kundybay deposit)
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Figure 3 - Appearance of the alloy in the cast state (technology for producing precision
titanium alloys of ultrafine-grained structure using some rare and rare-earth metals)



