Report on the work of the dissertation
Council

Dissertation Council on metallurgy and materials science the Kazakh national research

teanical University named after K.I.Satpayev on specialties (direction of training):

l.

2.

- 6D070900—«Metallurgy »;/8D07204 — «Metallurgical engineering»

- 6D070900—«Metallurgy»;/8D07201 — «Ore Beneficiation»

- 6D071000—«Materials science and technology of new materials»./ 8D07103 —
«Materials Science and Engineering»

Data on the number of meetings held— 5 meetings.

Full name of members of the dissertation Council who attended less than half of
the sessions: none.

3. List of doctoral student indicating the organization of training:

Paltusheva Zhaniya Urazgalievna - KazNITU named after K. I. Satpaev
Yessirkegenov Meirbek Ibragimovich- KazNITU named after K. L. Satpaev
Utegenova Meruyert Erkinovna - NJSC «D. Serikbayev East Kazakhstan technical
university

Abdikerim Bekzat Erubayuly- KazNITU named after K. I. Satpaev

Makhanbetova Baktygul Alimzhanovna - Comprehensive processing of the Shalkiya
deposit oxide natural and sulfide technogenic zinc-containing raw materials»
Tastanova Aisha Yerbulatovna- KazNITU named atter K. I. Satpaev

Yeshmanova Gaukhar Bauyrzhankyzy- KazNITU named after K. I. Satpaev
Kuspanov Zhengisbek Boranbayuly- KazNITU named after K. I. Satpaev

Turar Kusmanovich Sarsembekov- KazNITU named after K. I. Satpaev
Ablakatov Ilyas Kabylashimuly- KazNITU named after K. 1. Satpaev

Baiserikov Berdiyar Meiirzhanuly- KazNITU named after K. [. Satpaev

4. Brief analysis of dissertations considered by the Council during their porting year
| Ne| Full name of the Topics of work Code and ‘
Doctoral student title of
specialty
«Synthesis and study of the properties of| educational
Paltushcya Zhani nanostructured semiconductor materials for] program 8D07103
1 Al Ic g cyanyd application in sensor devices» — «Materials
Urazgalievna Sci i
cience an
Engineering»
. Processing of heap leach solutions of copper 8D07204 -
Yessirkegenov | with reduced crud formation during solvent "Metallurgical
2 Me_lrbek. extraction under the conditions of the Engineering”
Ibragimovich Aktogay Mining and Processing Plant
Utegenova "Recycling of metallurgical slags from lead 8D07202 ~
Meruyert and copper production in the context of "Metallurgy"
3 | Erkinovna transition to sustainable development of the
metallurgical industry”
«Obtaining modified sorbents on the basis of] educational
4 Abdikerim Bekzat | natural raw materials for uranium extraction» | program 8D07204
Erubayuly - "Metallurgical
Engineering”




Meiirzhanuly prepreg *(DOU)

Makhanbetova Comprehensive processing of the Shalkiya 8D07220 -
5 [Baktygul deposit oxide natural and sulfide «Metallurgy»
Alimzhanovna technogenic zinc-containing raw materials
Development of a technology for processing 8D07204 -
6 Tastanova Aisha | tailings from chromite and manganese ore "Metallurgical
Yerbulatovna | beneficiation to obtain pellets for ferroalloy) — Engineering”
production
Yeshmanova Development of a technology for applying | 8D07103 -
7 Gaukhar protective coatings of plasma electrolytic | "Materials Science
- Bauyrzhankyzy oxidation on the surface of aluminum alloys | and Engineering"
| Kuspanov «Development and study of Al-doped 8D07103 —
Zhengisbek photocatalyst based on SrTiOs with dual co- «Materials
8 | Boranbayuly catalysts for efficient water purification and Science and
hydrogen production» Engineering».
Turar Kusmanovich [')evelop e Of. a Technology for 6D070900 —
? Sarsembekov \ecovering ngbu%m Compoun(%s in the «Metallurgy»
Production of Titanium Tetrachloride ' &y
Ablak . 8D07103
0] atov Ilyas Resealrc'h on t_he. Development of Domestic | w115 Science
Kabylashimuly Aluminium-Lithium Alloy *(DOU) . N
and Engineering
1 Baiserikov Berdiyar | Research of ways to create domestic «M;i](;)r(i);ioffcience

and Engineering »

4.1 Analysis of the topic of the dissertation by Z.H. Paltusheva "Synthesis and study
of the properties of nanostructured semiconductor materials for sensor devices", presented

for the award of the Doctor of Philosophy (PhD) degree in the
"Materials Science and Engineering".

specialty 8D07103 —

The topic of this research work lies at the intersection of such relevant scientific areas as

nanotechnology,

materials science, sensorics, and biomedicine. The main focus of the work is on

the development of highly sensitive sensor devices using nanostructured semiconductor

materials—zinc oxide (ZnO) and its composite with graphene

oxide (ZnO/GO). The relevance of

the chosen topic is determined by the rapid development of sensor technology and the need to

create next-generation sensors with enhanced selectivity, sensitivity, and response time.
Contemporary challenges in the fields of medicine, ecology., and industrial safety require

the development of innovative sensor solutions for early disease diagnosis, biomarker

monitoring, environmental composition control,

and detection of hazardous substances. A

particularly important direction is the creation of sensors for biomarkers, such as CD44 —a
transmembrane glycoprotein associated with various oncological diseases. The determination of

CD44 with high precision and sensitivity is a key

element of early diagnosis and personalized

medicine. The work is focused on the development of a fiber-optic sensor for the detection of
CD44. reflecting the interdisciplinary nature o f the research and its medical significance.

The application of nanostructured ZnO,
properties (wide bandgap, high carrier mobility,
especially promising for sensor applications. ZnO/GO
through a synergistic effect, improving the sensitivity
marphology and defect structures.

which possesses unique physicochemical
and large specific surface area), makes it
composites enhance material functionality
and selectivity of sensors due to modified

The conducted patent analysis and the presence of a patent in Kazakhstan confirm the
originality and practical significance of the obtained results, as well as the high potential for

commercialization of the developed sensors.



Thus, the topic of the dissertation is relevant, interdisciplinary, and practically oriented.
The obtained results contribute to solving an important scientific and technical task-—the
creation of new highly sensitive sensor platforms based on nanostructured semiconductors. This
opens up prospects for their implementation in medicine, analytical chemistry, environmental
monitoring, and related industries.

Connection of the dissertation topic with the directions of scientific development
formed by the Higher Scientific and Technical Commission under the Government of the
Republic of Kazakhstan in accordance with paragraph 3 of Article 18 of the Law on
"Science' and/or state programs.

The topic of the dissertation "Synthesis and study of the properties of nanostructured
semiconductor materials for creating highly sensitive sensor devices" directly aligns with the
priority areas of scientific and technological development approved by the Higher Scientific and
Technical Commission under the Government of the Republic of Kazakhstan, in accordance with
paragraph 3 of Article 18 of the Law of the Republic of Kazakhstan on "Science”.

The work is related to the following priorities:

Yational use of natural resources, including water resources, geology, raw material
processing, and energy production

The development of sensor devices based on nanostructured materials can be used for
environmental monitoring—determining pollutants in air, water, and soil, which contributes to
ensuring environmental safety and sustainable use of natural resources.

Public health, including fundamental and applied research in medicine and
pharmaceuticals

The dissertation focuses on creating biosensors for early disease diagnosis, particularly
for detecting the CD44 cancer marker. This direction contributes to the development of
personalized medicine, accelerated diagnostics, and improving treatment efficiency, which
corresponds to the tasks of improving public health and developing medical technologies.

Information and telecommunications technologies

The use of fiber-optic sensors and their integration with digital platforms for remote
monitoring opens up opportunities for the development of intelligent sensor systems and digital
medicine, aligning with the direction of digitalizing the economy and society.

Fundamental scientific research

The work includes the study of the fundamental properties of nanostructured materials
and the investigation of mechanisms of interaction between biomolecules and semiconductor
surfaces, contributing to the development of fundamental knowledge in nanotechnology,
materials science, physical chemistry, and electronics.

Connection with state programs:

State Program for the Development of Education and Science of the Republic of
Kazakhstan for 20202025 — the dissertation aligns with goals to stimulate scientific research
aimed at practical application and commercialization, including in biomedicine and
nanotechnology.

National Digitalization Strategy ("Digital Kazakhstan") — the results of the work,
especially in fiber-optic sensors and remote monitoring, correspond to tasks for implementing
intelligent devices in healthcare and ecology.

Analysis of the level of implementation of the dissertation results in practical
activities.

Based on the dissertation research, 19 works have been published, including:

1 article in journals indexed in Scopus and Web of Science (CiteScore percentile over
35%); 4 articles in publications recommended by the Committee for Quality Assurance in
Science and Higher Education of the Ministry of Science and Higher Education of the Republic
of Kazakhstan; 15 works in the proceedings of international and national scientific-practical
conferences.



A patent for an invention has been obtained: Abdulllin K.A., Gritsenko L.V., Kedruk
E.Y,, Paltusheva Z.H. "Method for obtaining photocatalytically active zinc oxide powders" No.
35707, issued on 06.10.2022, application No. 2021/0249.

4.2 Analysis of the dissertation topic by Meirbek Yessirkegenov titled "Processing of
heap leach solutions of copper with reduced crud formation during solvent extraction
under the conditions of the Aktogay Mining and Processing Plant", submitted for the
degree of Doctor of Philosophy (PhD) in the specialty 8D07204 — “Metallurgical
Engineering.”

In the context of increasing global production of cathode copper, one of the pressing
challenges in Kazakhstan remains the processing of dilute heap leach solutions formed from the
treatment of oxidized and mixed copper ores. A major technological issue during the solvent
extraction stage is the formation of an interfacial emulsion layer (crud), which significantly
hampers phase separation, reduces copper recovery, and leads to extractant losses. These effects
contribute to considerable annual technological and economic inefficiencies.

This dissertation presents a comprehensive set of scientifically grounded approaches
aimed at minimizing crud formation and optimizing copper solvent extraction. A thermodynamic
analysis was conducted to investigate the behavior of impurities such as silicon, manganese, and
vanadium in aqueous systems and their effect on phase interactions. The study revealed that
silicon promotes colloid and gel formation, vanadium alters the acidity of the system, and
manganese reduces extractant selectivity. The research also established how these impurities
compete with Cu®' ions and contribute to the formation of difficult-to-separate phases at the
organic—aqueous interface.

The proposed technology incorporates modified extractants from the Acorga series
(M5640, M5774), the crud-suppressing additive CR60, and the coagulant POLYPACS-30. These
allow a 3.2-fold reduction in crud volume and increase COpper extraction efficiency up to
98.84%. A method for crud processing by centrifugation was developed, enabling separation into
three distinct phases: organic, aqueous, and solid. The experiments further explored the effect of
varying concentrations of extractants and additives on crud volume, copper recovery, and phase
stability.

As a result of laboratory and scaled-up testing with pregnant leach solutions from the
Aktogay Mining and Processing Plant, a solvent extraction—electrowinning (SX-EW) flowsheet
was developed and adapted to local production conditions. Practical recommendations were
made for industrial implementation, taking into account tne composition of the solutions and the
plant’s infrastructure.

The findings of the dissertation have high practical value for improving the techno-
economic performance of hydrometallurgical operations, reducing extractant and copper losses,
and enhancing environmental outcomes. The technology is also applicable to other mining
operations with similar leaching conditions.

Connection of the dissertation topics with the directions of science development,
which are formed by the Higher Scientific and Technical Commission under the
Government of the Republic of Kazakhstan in accordance with paragraph 3 of Article 18
of the Law "On Science" and (or) state programs. The dissertation aligns with the national
resgarch priority “Ecology, Environment, and Rational Use of Natural Resources,” and falls
under the specialized scientific direction «“Advanced Processing of Mineral and Organic
Resources” as defined by the National Scientific Council under the Government of the Republic
of Kazakhstan.

The field of research corresponds to the classiiler: “Engineering and Technology;
Materials Engineering; Metallurgy.”

' The research was conducted within the framework of the following grant and program-
tmgeted projects:

AP14871587 “Development of a comprehensive technology to reduce crud formation
during copper solvent extraction” (2022-2024)



AR19175411 “Development of a technology for intensifying the copper electrowinning
process” (2023-2025)

BR21881939 “Development of resource-saving energy-generating technologies for the
mining and metallurgical sector and establishment of an innovation engineering center” (2023

2025)

Analysis of the level of implementation of the results of the dissertation in practice.
A total of 7 scientific articles were published, including 2 in journals indexed in the Web of
Science database (Q1. Q2). 1 in Scopus (41st percentile) 4 n journals recommended by the
Committee for Quality Assurance in Science and Higher Edncation (MES RK), and 1 conference
paper. A positive decision was received for the patent application No. 20524/0449.1 dated
03.06.2024. A monograph was also published:

Chepushtanova T.A., Yessirkegenov M.I, Mamyrbayeva K.K., Merkibayev Y.S.
Sustainable Development of Copper Hydrometallurgy - Principles and Technologies for Crud
Reduction during Solvent Extraction of Copper. —2024. - 156 pages. ISBN 978-601-08-4140-6.

Thus, the technological solutions proposed in the dissertation demonstrate a high degree
of scientific and practical significance. They offer a relevant contribution to improving copper
solvent extraction with minimal environmental and operational losses.

4.3 Analysis of the topic of the dissertation by Utegenova M.E. "Recycling of
metallurgical slags from lead and copper producticn in the context of transition to
sustainable development of the metallurgical indusiry ", presented for the award of the
Doctor of Philosophy (PhD) degree in the specialty 8D07202 — " Metallurgy ".

The subject of this research work is at the intersection of such relevant scientific areas as
metallurgy, materials science and new materials. The main focus of the work is on the processing
of metallurgical slags from lead and copper production as » contribution to the achievements of a
circular economy in the metallurgical industry. The relevance of the chosen topic is due to the
need to introduce effective technologies for processing metallurgical slags, which corresponds to
the strategic national priorities of Kazakhstan to ensure environmental safety, increase resource
efficiency and implement the concept of a "green economy". In addition. this area is consistent
with the Strategy for Achieving Carbon Neutrality of the Republic of Kazakhstan until 2060. The
use of man-made waste from metallurgical enterprise; ol o= country, such as lead and copper
slags, to obtain new materials with specified propertics is &n important step in solving urgent
tecinological problems facing the industry of Kazakhstan.

The problem of metallurgical slag disposal is relevant all over the world. Processing of
metallurgical slags allows to reduce the volume of burial and reduce the need for primary
resources. which is an important step towards a circular econemy and sustainable development.
The proposed technological scheme of complex process.ng ol metallurgical slags of lead and
copper production provides for the initial leaching of icsidual concentrations of valuable
components, followed by processing and synthesis of new multi-purpose ceramic materials from
a mixture of metallurgical slags and natural raw materials i the form of granules, tablets, blocks,
Lego bricks, tiles. As a result of the scheme implenzentation, land plots are freed from
accumulated industrial waste, which allows them ot nsed for agricultural purposes,
construction or recreational areas.

The interdisciplinary nature of the work is confirmed by the use of a wide range of
physicochemical methods: X-ray diffraction analysis (XRD). methods of simultaneous thermal
analysis (thermogravimetry / differential thermal analysis) (TGA / DTA), optical microscopy
(OM) and scanning electron microscopy (SEM), the HEC U software package for calculating
thermodynamic reactions and constructing diagrams of metatiurgical processes, the SolidWorks
Flow Simulation software package for modeling the extrusion process. The study is aimed not
only at a fundamental understanding of slag recycling processes, but also at creating a
technology applicable on an industry scale.

Thus, the topic of the dissertation is relevant, inroistve and practically oriented. The
results obtained contribute to solving an important environmeatal and technological problem -



the processing of metallurgical slags from lead and copper production, including additional
extraction of residual concentrations of valuable components (Pb, Cu, Zn) and the subsequent
use of slag residue in the synthesis of new ceramic materials.

The conducted patent analysis and the presence of a patent of the Republic of Kazakhstan
confirm the originality and practical significance of the obtained results, as well as the high
potential for commercialization.

Connection of the dissertation topic with the directions of scientific development
formed by the Higher Scientific and Technical Commission under the Government of the
Republic of Kazakhstan in accordance with paragraph 3 of Article 18 of the Law on
"Science' and/or state programs.

The topic of the dissertation corresponds 1o the priority direction of scientific
development "rational use of natural resources, including wvater resources, geology, processing,
new materials and technologies, safe products and structures. The area of research in
accordance with the Classifier of scientific areas "Engineering and technology; Materials
engineering; Metallurgy".

The dissertation was carried out within the framewaork of research projects financed by
the Ministry of Science and Higher Education of the Republic of Kazakhstan:

- GF scientific research "Development of technology for obtaining new ceramic materials
based on domestic natural raw materials and man-made wasie of metallurgical enterprises of
Kazakhstan" for 2018 - 2020;

- GF of young scientists "Zhas Galym" "Developrent of digital production of advanced
ceramic materials synthesized from natural raw mefenals « & semi-finished products of non-
ferrous metallurgy" for 2024 - 2026.

Analysis of the level of implementation of the dissertation results in practical
activities. Based on the results of dissertation research, 15 works were published, including: 3
articles in publications indexed in Scopus and Web of Science databases (CiteScore percentile
indicator is more than 35%); 3 articles in publications ¢ mmended by the Committee for
Quality Assurance in Science and Higher Educatior. of rl.2 Ministry of Science and Higher
Education of the Republic of Kazakhstan and 7 works in collections of International and
Republican scientific and practical conferences.

A patent for utility model RK No. 5394 RK dated 09/25/2020 "Method for producing a
granulated carrier for a catalyst” was received and a patent for invention reg. application number
2024/0968.1 dated 11/11/2024 "Method for increasing the mectanical strength of ceramics" was
filed (at the stage of examination on the merits).

4.4 Analysis of the topic of the dissertation by Abdikerim B.E. "Obtaining modified
sorbents on the basis of natural raw materials for uranium extraction", presented for the
award of the Doctor of Philosophy (PhD) degree in the specialty 8D07204 — "Metallu rgical
Engineering".

The subject of this research lies at the intersection of several current scientific fields,
including technologies for the treatment of liquid radioactive waste, sorbent chemistry, and the
processing of industrial waste materials. The primary focus of the study is the development of a
cost-effective and efficient technology for modifying natural minerals — zeolite and shungite —
to create high-performance sorbents for the extracti: ot uranium from low-concentration
solutions.

The relevance of this research direction is driven by the increasing scale of uranium
mining, especially in Kazakhstan, where in-situ leaciing (ISL) is the main method used. This
process results in the formation of significant volumes of liquid waste, with uranium
concentrations ranging from 0.01 to 10 mg/dm®. The ccatmnt «f sucn waste requires accessible,
low-cost, and efficient sorbent materials.

The scientific novelty of this work lies in the use oi paospherus slags — industrial waste
from yellow phosphorus production — as modifiers for natural sorbents. These slags are
primarily composed of wollastonite and phosphorus-containing compounds that show high



reactivity toward uranyl ions. Activation of the slags in carbonate and chloride media enables the
formation of a porous structure, lattice defects. and the stabiiization of functional groups, thereby
enhancing the sorption performance of zeolite and shungite. This led to the development of new
solid-phase extractants with a sorption capacity reaching 38 mg/g for uranium.

The study also addresses the issue of sorbent regeneration. For the first time, the
mechanism of uranium desorption using sodium carbonale was investigated, achieving an
efficiency of up to 70%. thereby demonstrating the feasibility of reusing modified shungite,
which improves the economic viability of the technoicg

The interdisciplinary nature of the work is suppoited by the use of a wide range of
physicochemical analysis methods. including X-ray diffraction (XRD), infrared spectroscopy
(IR), scanning electron microscopy (SEM), and various chemical analysis techniques. The
research is aimed not only at gaining a fundamental understanding of the modification processes
but also at developing an applicable industrial-scale technology

In conclusion, the theme of this dissertation is niniy relevant, innovative, and practically
oriented. The results contribute to solving an important ecological and technological problem —
the extraction of uranium from liquid waste using inexpensive and locally available materials,
with significant potential for application in the nuclear industry and radiation safety systems..

Connection of the dissertation topic with the directions of scientific development
formed by the Higher Scientific and Technical Coramission usder the Government of the
Republic of Kazakhstan in accordance with paragrasic 3 of Article 18 of the Law on
"Science" and/or state programs.

The topic of the dissertation corresponds to the priority area of scientific development:
"Ecology, environment, and rational use of mnatural resources”. It is also aligned with the
spegialized scientific direction "Deep processing of il and organic resources”" of the
Natjonal Scientific Council under the Government of Thic +epublic of Kazakhstan.

The research area, according to the Classuicr of Seientific Fields, falls under:
"Engineering and Technology; Materials Engineering; Metaliurgy."

The dissertation was carried out within the framework of program-targeted funding
projects:

“Development of a technology for selective iaction of uranium from productive
solutions of uranium production using modified natura suncrals” (2018-2020);

“Development of methods for modifying natural sorbents for uranium extraction using
indystrial waste” (2020-2022).

 Analysis of the level of implementation of tfi¢ dissertation results in practical
actjvities.

Based on the results of the dissertation researcl. - oo ic e works have been published,
including: 6 articles in journals indexed in Scopus and Web of Science databases (with a
CiteScore percentile exceeding 35%); 2 articles in journals recommended by the Committee for
Quality Assurance in the Field of Science and Higher Education of the Ministry of Science and
Higher Education of the Republic of Kazakhstan, & conference papers published in the
proceedings of international and national scientific-pracic = conierences.

The following patents for inventions have been obtained:

- Kenzhaliev BXK. Surkova T.Yu., Berxinbayeva AN., Dosymbayeva Z.D,
Chpkmanova M.T., Abdykerim B.E. Patent for invention “Method for Uranium Extraction by
Sofption” Registration No. 2019/0116.1, Patent No. 3401,

" . Kenzhaliev B.K., Surkova T.Yu., Beriinhzve 4 N Abdykerim B.E., Yesimova

D.M., Abikak E.B., Bektaev M.E. Patent for inventicn  Method for Uranium Extraction from
Agqueous Solutions” Registration No. 2021/0255.1, Patent No. 35747.
4.5. Analysis of the topic of the work of B.A. Makhanbetova "Comprehensive processing of
the Shalkiya deposit oxide natural and sulfide technsgenic #ine-containing raw materials ",
submitted for the degree of Doctor of Philesophy {PuD) in the educational program
8007220 - Metallurgy.




- The subject of this research paper is desoic ~ 0 vg an urgent problem - improving
the efficiency and environmental sustainability ol cotapica processing of hard-to-enrich zinc-
containing raw materials, including both natural oxide ores and man-made sulfide ore waste
from the Shalkiya deposit.

- In conditions of depletion of readily available icsoutces and the growth of man-made
accumulations, the development of integrated proc> v Coanciooles i becoming a priority
task for the mining and metallurgical complex of Kizzaits o A dustinetive feature of the deposit
is the presence of significant up to 50% silica content in the ores. Indigenous sulfide ore belongs
to hard-to-enrich and flotation processing extracts 77% of zinc from the ore into zinc
concentrate, and 56% into lead. In the tailings of enrichment. the mass of which is at least 0.9
tons per 1 ton of ore, 23% Zn and 44% Pb arc traas o ef. With the tailings of sulfide ore
enrichment, all silica and iron are also lost. In adds. ... v =@ +oolem of complex processing
of the oxidized ore of this deposit, containing Y, Zn and 25 3-3.3%, 40-50%Si02. These ores are
practically not processed and are exported to landfills or processed together with sulfide ore,
thereby worsening the enrichment rates. Based on this. it is currently important to create a new
technology with a significant increase in the extractici: of not only base metals, but also a non-
metallic component, silica, into the target product 0 ol orocessing of oxidized ore
and tailings of Shalkium ore.

- For the first time, the features of processing two different types of zinc-containing raw
materials for the Shalkiya deposit have been comparatively analyzed: natural oxide and man-
made sulfide origin.

- A technological scheme has been developec t 2 o nnles electrothermal processing of
oxidized zinc-containing ores from the Shalkiya deposi i tailings of sulfide ore processing
with the simultaneous production of siliceous ferroalloys and zinc sublimates with the
replacement of scarce steel shavings with magnetite concentrate

- Based on the experimentally obtained mathematical models, the optimal process
parameters (amount of coke, amount of steel shavn=: -leore: «of venlacement of iron contained
in scarce steel shavings with iron contained in ¢ L concentrare) were determined for
producing ferrosilicon of FeSi25 and FeSi45 grades and sublimates containing 35.5-39.5% of
YZn and Pb from the Shalkiya oxidized ore, its concentration tailings and their mixtures, with
extraction of 75-85% of silicon into the alloy and 98-99% of zinc and lead into the sublimates.

- The conducted large-scale laboratory tesis oo e clectrothermal processing of the
concentration tailings and sulfide ore mixture alleyvee o 7 ek, thet during the formation of
FeSi45 ferrosilicon, the maximum degree of silicui wii..cidi 1o the alloy (83-86%) takes
place during the smelting of the tailings and the ore in the presence of magnetite concentrate. At
least 98-99% of zinc and lead are extracted in the sublimates containing up to 31% of Zn and
10.1 of Pb.

- The relationship of the topic of the wdiseoriaion with (he directions of science
development, which were formed by the Hagios o e and Technical Commission
under the Government of the Republic of Kazakhstar in aceovdance with paragraph 3 of
Article 18 of the Law "On Science' and (or) state prograuis.

- Compliance with the priorities of scientific and technological development of the
Republic of Kazakhstan

- The topics of the work fully corresnoni w1 v osroas of seience and technology
approved by the Higher Scientific and Technical Cowunission under the Government of the
Republic of Kazakhstan (in accordance with paragraph 3 of Article 18 of the Law "On Science"):
- 1. Rational use of natural resources. geology, raw materials and products

- 2 The research is aimed at increasing the connleieness of zine extraction. minimizing
losses and involving man-made accumulations in .0 BLa0te using the non-metallic
body of the Shalkiya deposit.

- 3. The work covers both applied aspects of iecinology and {nndamental studies of phase
transformations and the behavior of components at high iz peratures.




- Connectionwithgovernmentprograms

- The dissertation work was carried out on targeted program financing on the topic
"Development of an integrated technology for processing nsrd-ro-enrich polymetallic ores from
the Shalkiya and Zhairem deposits” within ' - e BRI19777171 program
"Development of fundamentally new technologies ior inicgiaiea processing of polymetallic raw
materials" for 2023-2025 under contract No. 35 dated June 16, 2023 between the RSE na PHB
"National Center for Integrated Processing of Mineral Raw Materials of the Republic of
Kazakhstan" and the Committee of Industry of the Minictiv of Tndustry and Construction of the
Republic of Kazakhstan

- Analysis of the level of implementation v t5. - s of the dissertation in practical
activities. The results of the dissertation work have hecn coraprehensively scientifically
tested and demonstrate a high level of publication: activity.:

- 16 scientific papers have been published, including:

- - 6 articles in international publications indexzd 0 wopus and Web of Science databases
(CiteScore percentile from 21 to 77%), which cox.. _raaacnai recognition of research;
- - 9 publications in collections of Internationa: and Iy ational scientific and practical
conferences;

. Patent for invention No. 36683 KZ dated 04/05/2024 was obtained. "Method of
processing high—silicon sulfide lead - zinc ores "

- The proposed technology for processing « e 7 0 ores from the Shalkiya deposit
and enrichment tailings can also be used for sivii: .coinizs i4 Kazakhstan and the CIS
countries.

- Thus, the subject matter and content of the dissertation fully comply with the
requirements for papers submitted for the degree of Doctor of Philosophy (PhD) in the
educational program 8D07220 - Metallurgy.

4.6 Analysis of the dissertation topic .3 ~.0 00 Lastasova " Development of a
technology for processing tailings from chromite sud maaganese ore beneficiation to obtain
pellets for ferroalloy production ", submitted for the degree of Doctor of Philosophy (PhD)
in the specialty 8D07204 — “Metallurgical Engineering.”

Ferroalloy production is one of the leadm seoors of Kazakhstan’s mining and
metallurgical complex, as it is primarily based o° © corvn; of chromite and manganese

ores. Although Kazakhstan ranks second and fourth zlooaiiy in wrms of proven reserves of
chromite and manganese ores, respectively, their extrection at former levels has been constrained
due to declining ore quality and increasingly complex mining and technical conditions. At the
current rate of extraction, chromite and manganese ore is-ources will last only for the next 30—
35 years. Due to the depletion of rich chromite and wonatoose ore reserves, technogenic mineral
formations generated during beneficiation procosses tie oo Bg screasing attention. During
the operation of large known deposits such as Donskoy Miring and Processing Plant’s Dubersai
and Akzhar deposits, and the Ushkatyn-3 deposit of the Zrarrem GOK, tens of millions of tons
of chromite beneficiation tailings and several suillior tons of manganese tailings have
accumulated. Although the corresponding slurry tailines oo iy to 32% chromium oxide and
up to 16% manganese, their beneficiation remeai s o s+ techinological task. In all
studied cases, high recovery rates of chromium oxide aad manganese were achieved through the
efficient application of gravity concentration methods. inclnding preliminary separation of slurry
tailings into narrow particle-size classes to produce tine-grained conditioned concentrates.
Optimal adjustment of operating parameters for fiupine mechines and shaking tables when
processing fine-grained chromite and mangauz:e e sibuied significantly to these
results. For the processing of fine-grained conditivricu wiiiua "€ 4y MANganese concentrates, a
technology for the synthesis of composite fired pellets was developed. This process uses a new
universal fluxing component — ferruginous diatomize, 2 natura silicate raw material obtained
from the Zhalpak deposit located near the Emba station i the Aktobe region. During the firing
of composite chromite and manganese pellets wiih oy ine components, including ferruginous



diatomite, their porous and fusible structure promoics at ieraperatures up to 1000 °C. the
formation of magnesian hedenbergite (Ca(Fe My =700 0 wn -~mite pellets or hedenbergite
(CaFeSi:0s) in manganese pellets. Further incressi g ono -0y wp® rature to 1200 °C results in
the formation of a ferrosilico-calcium binding phase within the structure of the fired chromite
and manganese pellets, significantly improving their mechanical strength and enhancing their
technological properties for subsequent ferroalloy srnelfing.

To address the issue of processing fine-crovasd —rinmne and manganese tailings, this
dissertation developed a scientifically subsiani oo = rinee o solutions for the gravity
concentration of technogenic chromite and manganese waste, with preliminary particle-size
classification followed by the synthesis of composite fired chromite and manganese pellets and
their subsequent smelting into standard-grade ferroalloys. Thermodynamic calculations of the
carbothermic reduction of the main componewts v 1 < ymposite chromite and manganese
pellets demonstrated the feasibility of producir g ¢ ;o hivy carbon terroalloys.

Pilot-scale laboratory studies on the smeiting 01 coinpssie (ied chromite and manganese
pellets confirmed the possibility of obtaining ferroalioys inat meet riational standards as well as
those of China and Germany, the main export maikets for terroailoys produced by JSC TNK
Kazchrome. Based on the experimental studies. picecss flow dingrams for the production of
composite fired chromite and manganese petlers ander divferent slurry beneficiation schemes
were developed, and their comparative techiica: coa oo mn it @3t onts were performed.

The results of this dissertation have significart practica importance for improving the
technical and economic performance of mining ard rnetatiurgical enterprises, increasing the
overall extraction of chromium oxide and manganese from srocessed ore raw materials, and
enhancing the environmental performance of nraduti-n ~1oecsses. She developed technologies
can also be applied at other similar mining anc meiiin o T A

The connection of the dissertation tfopic wil e directions of scientific
development, which were formed by the Higher Scieatific and Technical Commission
under the Government of the Republic of Kazaknstan iv accordance with paragraph 3 of
Article 18 of the Law "On Science' and (o¥) state noidiains "> dissertation topic is closely

related to the scientific development prioritis esuai . 1 o civher Scientific and Technical
Commission under the Government of the licpbin Kooibosten, in accordance with

paragraph 3 of Article 18 of the Law “On Science” and coirasponding staie programs. The topic
corresponds to the priority scientific direction: “Ecology, Environment, and Rational Use of

Natural Resources”, as well as the specialized direction A dvanced Processing of Mineral and
Organic Resources.”

The research field is classified as "z ' - Materials Engineering;
Metallurgy.”

The dissertation was carried out within the framework oF Fe tollowing scientific projects:

- “Development and testing of an improved technoloyy for producing strong chromite
pellets from fine-grained chromite concentraic ani then smsling into ferrochrome™ (No.
AR08856229, 2019-2022);

- “Development of a technology for produciny menianess seiiets for the production of
ferrosilicomanganese and high-carbon ferrcmanganese o fine-grained sludges” (No.
AR09258880, 2020-2023);

- “Improvement of technology for producing ~iomie pellets from fine-grained sludges
for the production of high-carbon ferrochrome™ (Mo AR00756394, 2620-2023).

An analysis of the implementation izve! S e isoertanicn recults in practical activities
showed that 14 scientific papers were published, mnclucing 8 in journals indexed in the
Scopus/Web of Science databases, 2 in other scienziiic journals, and 4 presented at international
scientific and practical conferences.

Thus, the proposed solutions in this dric i oo s = ok cogree of scientific and
practical significance and represent a timely conie bt i e Jevelopment of technologies for
processing technogenic chromite and mangansse wastes.




4.7 Analysis of the dissertation topic by Y esnsmanova Gaukoar titled ""Development of
a technology for applying protective coatings of plasina electrolytic oxidation om the
surface of aluminum alloys", submitted for the degree of Doctor of Philosophy (PhD) in the
specialty 8D07103 - "Materials Science and Enginecring’

Modern advanced technologies of surface o caerials allow solving urgent
problems in the direction of increasing ilic ic.duii, ww durabilty of machine parts and
mechanisms operating in conditions of friction and agaressive environments. Since these
methods make it possible to influence the phase commositior and microstructure of the sample
surface without affecting the entire volume of th= material. The plasma electrolyte oxidation

(PEQ) method is the environmentally friendly anct = oot aethod of surface hardening of
treated materials. However, PEO technology ic 1t ~wter© o3 oy @ number of problems that

hinder the competitiveness of the obtained protective coatings on the surface of aluminum alloys
in the global economic arena. Today, the most urgent asks are to reduce energy consumption
during processing, increase process productivity and recuce the porosity of the coatings
obtained.

To solve the above problems, the disscriat ¢ londinnds o s of scientifically based
solutions for optimizing processing conaitions usisiy caviroivaentally friendly electrolyte
formulations using special pulsed electrolysis modes A detatled enalysis of the effect of
processing parameters on the transition to the soft sparkirg rode during bipolar PEO treatment
has been carried out, and the conditions ensuring high crara, efficiency of the process have been
optimized. An increase in the density, wear o geion e sarace of coatings has been
established due to the introduction of silicor-contaninag potticler .0 the electrolvte and their
subsequent incorporation into the oxide layer. The vaitern of changes in the coatings phase
composition depending on the electrolyte compositior. and final voltage during oxidation is
determined. The influence of the chemical stabili'v of silicate electrolytes on the PEO process
has been established.

The developed optimal processing mivue 1 7C oo OLadnel ol coatings with a
controlled structure and phase composition. wiich mak:s i possible 16 achieve the required set
of operational characteristics of the surface of the aluminui alloys. The development of an
alternative cost-effective method based on optimizing he ziectrolyie composition in the unipolar
PEO treatment mode, which saves energy with rape + bz Jrowls. as an alternative to bipolar
treatment in the soft sparking mode is coasid=rud Lo G dein s aprcoach. The use of an
optimal electrolyte composition contributes o cuzrgy savigs Gl up 10 0% % wben using a low
current density of 50 mA/cm? in unipolar PEC treatment. The pre nosed zpproach is innovative,
aimed at comprehensively solving the problems of high growth rate of coatings, improving their
structural characteristics and increasing the enety efficicney of the process.

The proposed solutions using low-cest v Jle and ke ouse of special electrolysis modes
have an economic advantage over previodsis oo L UED el Tre cesults of the study
make it possible to substantiate the feasibility of using tne PEO method for aluminum alloys as
an effective alternative to traditional technologies, expanding the possibilities of its practical
application in various industries.

Connection of the dissertation topics ‘it tie Jir2ctidns of science development,
which are formed by the Higher Sc-utiiic - Lo aiend Covamission ander  the
Government of the Republic of Kazalkhstan ia accordance » wik: paragraph 3 of Article 18
of the Law "On Science" and (or) state programs. The dissertation topic aligns with the
national research priority: "Energy, advanced materia's and transport” as defined by the Higher
Scientific and Technical Commission under the ozt o B T erubiic of Kazakhstan.

The field of research corresponds ' Sciences: Materials
Engineering; Coatings and Films".

The research was conducted within the framework 5t the foliowing grant and program-
targeted projects:

- International project FUNCOAT (functional coatings) Horizon H2020-MSCA-RISE-




2018 ("Development and design of new multifunctional PEO coatings". 823942);

- The Zhas Galim project AP2579‘4(‘“ "Siud of caiface modification of aluminum alloys
by plasma electrolytic oxidation” (Z0-5--

Analysis of the level of implementation of tne results ot the dissertation in practice. A
total of 4 scientific articles were published, including 2 in journals indexed in the Web of

Science database (Q1). 1 in journals recommended hv the Committes for Quality Assurance in

Science and Higher Education (MES RK). and | nibiciion i the conforence proceedings.
Thus, the technological solutions = eriat monstrate a high degree of
scientific and practical significance. They o.ict 4 Joitane coaributon to the development of

energy-efficient technologies for obtaining prnhc. ve coarings on the surface of aluminum
alloys.

4.8. Analysis of the topic of the dlsw laﬂ or b Kgenunes 7h. B, «Development and
study of Al-doped photocatalyst based o« v oo oo snvats for efficient water
purification and hydrogen procuiiou,. ¢ o oo of 9 series of scientific
articles and submitted for the degree of Doctor oi Phimsupny o hﬂ) in specialty 8D07103 —
“Materials Science and Engineering”.

The topic of this research lies at the intersection of several relevant scientific fields:

materials science, photocatalysis, and technolooies o vEeT D rfication and hydrogen
production. The main focus of the swdy 1= & Lanization ol an Al-doped
SrTiOs-based photocatalyst modified with aual . '-m;_-n v enhance the efficiency of

photocatalytic degradation of organic pollutants aad watcs spi litting under solar irradiation.
The relevance of this direction is determnd by the global need for sustainable and

environmentally safe technologies for hydrosen coporanon as Pwater purification from organic
contaminants. In the context of the growvin. ; w<ing pollution of water
resources, the development of eificiciat plie oo o ioaole of antizing solar energy for the

decomposition of harmful compounds and we gereration of c¢lean fuel is of parllcular
importance. The creation of Al-doped SrTiOs with dual cocatalvsts represents a proraising
solution, ensuring high activity, stability, and cost-a/feotneness in shotocatalytic water splitting
and wastewater treatment processes.

The scientific novelty of the wor n evelormon o an Al-doped StTiOs
photocatalyst modified with dual cocataiysts Phu s and CoQOF for efficient photocatalytic
degradation and water purification. It was estabiisucd thai the raolten-flux method provides
uniform incorporation of Al into the SrTiOs lattice without disturbing its structure, reducing the

concentration of Ti** species and forrm*" Gyvias vacanccs L oromote improved charge
transport. The deposition of dual cocalziv.o v = ORI ‘o' ates charge separation
and reduces recombination. The vesu)iting composie sl L:A: = aigh actvily in the degradation of

organic pollutants and stable hydrogen evolution incer solar wrediazion in a panel reactor with a
surface area of 1 m?.

The interdisciplinary nature of the rescarch 3 vor icmad o the use of a wide range of
physicochemical analysis methods ‘renubos 0 froenon (HRIDD). ecanning  and
transmission electron microscopy (SN, 10 L w0 e o specroscopy (XPS), and
UV—Vis diffuse reflectance spectroscopy (UJV--¥is {23 The ctudy 18 aimed not only at the
fundamental understanding of doping and charge generation processes i SrTiOs:Al but also at
‘ny 2/ficiera photocatalysts applicable in

the development of practical technodogies for nrogucing

scalable water purification and solar-driven fyari e s vialins st
Thus, the topic of the disseriaion o : ¢ d pracically odented. The
obtained results contribute to solving imk“ A encopmenial el enevgy chailenges — the

development of efficient and economicai photocatalysts basea o s fordab's materiels for water
purification and renewable hydrogen produchon Uﬂﬂev solar light Tbe proposed approaches
possess high potential for implementation v« vsten coirorm ea! safery and sustainable
energy.



Relevance of the disservatio th ! ¢ cevelopment priorities
established by the Higher Scientific and Technical Commission under the Government of
the Republic of Kazakhstan in accordance with Articis 18(3) of the Law “On Science”
and/or state programs.

The topic of the dissertation corresuons tc coi anen of scientific development
“Energy, Advanced Materials, anc e 3 ccarch direction “New
Materials and Nanotechnologies” definec by the Naionzl Selenfine Council under the
Government of the Republic of Kazakhstan.

According to the National Classification of Scientific Fields. the area of research falls
under “Technical Sciences; Materials Enginecring; Noitdizvinhnary Materials Science”.

The work was carried out with '+ W i {ie orojects:

- Grant funding competitioit Gi . Su@nee © iinle S e linistey of Science and
Higher Education of the Republic of Kazakhstan for 20222424, project No. AP14866381, titled
“Development of a composite photocatalyst SrTiOs@Al Graphene Oxide for efficient hydrogen
production via water splitting.”

- Program-targeted funding proi=c: SR 02024y, “Development and
advancement of innovative devices, niic d b W ie or the implementation

and use of hydrogen energy in Kazakhstan.”

Analysis of the implementation leve! of the dissercation results in practical activities.
Based on the results of the dissertation research, 10 scientific papers have been published,
including 9 articles in journals indexed ir ite S Yol of Geicnee databases (with
CiteScore percentile above 35%) arc @ tivoil né ironded by the Committee for
Quality Assurance in Science and Iigner haucativn ui dic virusuy of Science and Higher
Education of the Republic of Kazakhstan.

4.9 Analysis of the topic of the dissertation by T XK. Szrsembekov “Development of a
Technology for Recovering Niobinm Compeunds in the Production of Titanium
Tetrachloride”, submitted for the degrec of Da: ¢igsaniy (280 in the specialty
6D070900 — “Metallurgy”.

The production of titanium tetrachloride is one of he sirategically important sectors of
the mining and metallurgical complex of the Republic of Kazakbstan, as it provides the basis for
manufacturing titanium sponge, fitanium ailoys anc i gh-quality ferroalloys. This area is
particularly relevant under the current conurit, s, Vi o cominlete and rational use
of the mineral resource base, e in o0 0.0 G . ohrogenic souices of raw
materials in processing, and an increase in the depin of fecavery of rare znd rare earth elements,
including niobium. At the same time, existing techncingical schemes for titanium tetrachloride
production are focused mainly on the target metal, vtariun, waereas the behavior of niobium

and other associated components at ©i¢ 2@t 207 | citire and chlorination remains
insufficiently studied, aad a significa: < s g ost with rechnogenic

waste and by-products.

In the course of ore-thermal smeliing and chlorinatior of fluenits teedstock, a wide range
of technogenic products is formed: titanium slags off-zases and dust, condensates, tailing
slurries and the slurry of spray scrubbers of chiorivanion 1 -us Theve streams are traditionally

regarded as wastes subject 1o neutraiizaticn ¢ lisnesid ol e ooy antal parf of niobium
transferred from the initial iimenite vaw nie o 118 {4 procisely in them. At the same
time, regulatory documents and existing techinclogical regiziions mainly specify requirements
for the target product, titanium tetrachloride. without ndiressing tae issues of comprehensive
utilization of niobium and reduction of losses of mhis vaiuabie component.

To solve this scientific and fechnics! ool { eriat’en of T.K. Sarsembekov
develops a set of scientifically crous oo AR , havior of nicbium at

all key stages of the technological chain “imenite concebiisie — titaniu slag — chlorination —
industrial by-products” and at creating 22 efiicien: cechnolosy ror recovering nriobium
compounds from spray scrubber siurry. Basad on thermodynarmce modelling of ore-thermal




smelting and chlorination processes in multicomponeni sysiems Nb-Ti-Fe-Si-Al-CI-C-0, as
well as detailed mineralogical and phase investigations by X-rav difiraction (XRD) and scanning

electron microscopy with microanalysis (S2NVEL 5. . is sitown i which phases and
mineral carriers niobium is localized 1= 1t . 51 ~ar. dust. 1.Cle condensate and

scrubber slurry. It is established that the highest concentration of niobium under conditions
suitable for its subsequent technological recovery is formed in the solid phase of the spray
scrubber slurry, whereas in titanium tetrachloride condensate and part of the dust products the
niobium content is at trace levels and does not repres it o ipal interes

On the basis of the obtaine. 1w dy, ralovical deta, the author has
developed and experimentally tested a technology for recoverng riobium compounds from the
solid phase of spray scrubber slurry. The technological scheme inchides two-stage evaporation of
the slurry with separation of the liquid titanium tetrachloride phase and its return 1o the main
production cycle, calcination of the colid residue wiih conyersion of niobium into stable oxide
forms, and subsequent selective nydron ilurgicat proccising 10 obun a niobium-bearing
concentrate. Laboratory and pilot-scaic esls Luve womoniticicd Uie oussibility of producing a
concentrate containing approximately 12-20 % niobiun. with an overall recovery of up to 23.8—
23.84 % of niobium relative to its content in the original titanium siag. It has been shown that the

proposed scheme simultaneously reduces losses of wechnical titanium tetrachloride, decreases the

volume of technogenic wastes. and yields mn ancine e 2niie =& 1 Jsium-bearing concentrate
suitable for further processing within existing o Dros il e TIC e DrOduetion facilities.

Based on a set of experimental studies, a concepiual process fiow diagram for a spray
scrubber slurry processing unit has been developed, material balances have been compiled, and
techno-economic assessments of various options for tectnology implementation have been

performed. It has been demonstrated tha! the oroanizabar of adediczied slury processing unit at
operating chlorination plants regure: Vel il ta!l exocenditures, provides a

significant increase in niobium recovery into 2 markewole product, and reduces specitic losses of
technical TiCls, which together leads to improved techno .aconomic performance and better
environmental characteristics of the plant.

The results of the dissertaticn have impeitme pragtan! siemificance for enterprises

engaged in ore-thermal smelting and iloriation of dmenite eedsiock, primarily for titanium-
magnesium production in the Repucic i fuaclo ioveleped sclentitic approaches and

technological solutions make it possible lo inciease overall niobium recovery from complex
titanium-containing raw materials, to involve previously unused indusirial streams in processing,
and to reduce the volume and toxicity of technogenic wasies.

Relationship of the dissciteiion oo witr Uie directions of scientific development
formed by the Higher Scientitic i "o 5 suler the Government of the
Republic of Kazakhstan in accordance with parageaph 3 of Article 18 of the Law “On
Science” and/or state programs. The dissertation tooie corresoonds to the priority areas of
science defined by the Higher Scientific and Technical Commission under the Government of

the Republic of Kazakhstan ir acccsdonce wiin prank 3 of Aricie 18 of the Law “On
Science”. namely: “Ecolouzy. snviioni o | sanapement T The work also

relates to the specialized scientilic arca " 1Jliy ot oF 1 Neral ard Organic resources’.
The field of research is classified as “Engincering and technoiogy: Materials engineering;

Metallurgy”.

The dissertation was carried out withir: the frameworh f the Tallowing research project:
— ¥Tyran 0ap MWHEKI3ATTEL XAODMSH GILIZY FRulliE skl o 2 covay of oiobium during
chlorination of titanium-bezlag v a1l t A 1 2 24=2026)

Analysis of the level of implemesniation 2 the digsertation results in practical
activities. Based on the research, 8 scientific papers have been published, including 2 articles n
T

journals indexed in the Scopus/Web of Science databases 3 arti-]es published in other scientific
journals and editions, and 3 papers mreseniz L=t e ' ot afifie and proctical conferences.

Thus, the soluticns propos 53 b dugree of seieptine and



pra{,tlcal significance and represe 1 b teehnalogies for
processing by-products and wastes O thdiiiil piotue o

4.10 Analysis of the Dissertation Topic on LI Ablakatov, “Research into the
Development of a Domestic Alummum—thhlum Alloy,” Submitted for the Degree of
Doctor of Philosophy (PhD) in the 8!)0"'@’-% g evinte Selenee and Bngineering.”

Deformable aluminins #licse or Advanced products in
military and aerospace equipi il ' v, good technological
properties, weldability, and other operational characterictics. Their mmpos‘fion structure, and
heat treatment regimes are constantly studiec and 1mpmved due to the increasing requirements
for structures. Special structural materials 2re required for *hf‘ mmu;”"mre of mllltary vehicle

hulls and certain aerospace componenis. MUt i €8 ilowing requirerents:
light weight, high strengih aud iuoe. A Y ¢idability. and bullet
resistance.

Various aluminum alloys are used in aerospace and malitary  equipment. Among
aluminum alloys, aluminum-lithium allovs have the most promising prospects. They are
distinguished by the lowest denmt\’ Cnereased harduess. sireacth, aid goed weldability. The first
aluminum-lithium alloy deveioed v foo 0 -. 5 1 ength of up o 430
MPa, hardness of 140 HB, ullpau TOURILIUSS wp W OU a5 whiu 2170 uuhgahuu The 1420 alloy
is characterized by low density, high corrosion resistance, good weldability, high modulus of
elasticity, and sufficient strength and hardness. Cormparzd to the D16 alloy, the 1420 alloy is
12% lighter and has an 8% higher medulus of elasticity

Developing 2 dorestic aluminizn- i on . sreduction copnolony ag an analogue to
the 1420 alloy remains a relevan. sk oo o Bis i due to the *eei to teplace
imported, expensive armor materlals in domestic perscnal prof ee“tlve equinment and mulitary
vehicles. In partlcular replacing the heavy torsign st 4 alls of the doimestic armored vehicles
“Arlan” and “Barys,” produced by Kﬂwkhchn Paramont Brgineering LL P, and the steel armor
plates in bulletproof vests rmnH+ ctured by Trvnye 1SC with domest e afuminum allovs W ill not
only increase maneuverabiiity but ol : ] 3 suang g echcienc

The aluminum-lithium 1420 alioy has figh iecnanicu Droperuss, with a t\,nolle strength
of ov > 415 MPa, which classifies it under export contr ol for maissilo, dual-use, and nuclear

products and technologies. For thls reascr. nformation about the procuction technology of these

T

alloys is not published in open scient S hter e, 2 loneh daia o their mechanical properties,
applications, and elementa: CorinGs v« e this, the alloy can be
produced based on cenventional and Wil cor aley vroduction technology:

charge preparation, melting and casiing in & vacuurn of nert £as (imubrhﬂe in an induction
furnace, degassing and filtering methods, thermal anc (nemneis Chaical ireavment vegimes, and

welding techniques.

The technological chizitcroce eatures of
melting in an inert atmosplicc. ar e scucing Jithium and
zirconium into the aluminum-magnesium meit. 'hess Slemenis are oy 1calw muoduced only via
two- or three-component master alloys; ensuring arm distribution of alloying elements;
technologies to reduce harmful impus: ities; de Qussing Wi 1! ine. as v.ell as other meit handling
operations; optimization of plastic dafor Svement of beat treatment
regimes.

The chemical composiiion O wic el ey v adie 09y e Ll 204 M = 5.2 Zr -

0.11; the remainder — Al. In this alloy, the Lectmolovv 01 mtroducing dithivm and zirconium into
the aluminum melt is one of the most compiex Nsu These elements can be introduced in pure
form or via two- or three-comporent master =, . expeimental phase, the charge
is prepared using difterent con i vochition iato the melt.
During these experimenis, oo ¥ drow o cdeving elements are
determined. Due to the presence of hthlum ‘.he alloy is highly prone to nuidation during melting
and casting, and the introduction of high-temperature-resisiant zirconium requires special




technological techniques.

Experimental development of melt dega‘;slnc amfi ﬂntkauon processes also presents certain
challenges. For this purpose vacuum degass _ oo thron oh coramice toam filters are
used. Plastic deformation ol g ( Cl under speciiied
deformation rates and heaung xegm;ea T herme Udatment opyrations {or the atloy specimens are
relatively simple and easy to implement. For the 1420-typc allov plastic deformation can be
performed in both cold and hot conditions. In general. tm\ alloy has sufficient plasticity for cold

deformation: however, depending on the zc of 0 samaaneris, hot deformation may be
required. Welding of the [420-tvpe ; ..« ~elding, which
simultaneously protects tne weiued fC - Yot

The results of the dlssertatlc»n work are of sigm a"Y ureetwal importance, as the
development of high-strength, ultra-light aluminum-1i? 'mum allovs and technologies for their
application in the manufacture of hulls for mrmored velacios. body armor, aircraft, unmanned
aerial vehicles, as well as ultre-iigni-ciass ! ..o and geophysical
pUIPOSES, IEPIESENTs a IEieVait iis i . o icicse and aerospace
applications.

Relationship of the dissertation topic with the l‘til&u:ljh‘l:. of scientinic development
formed by the Higher Scientific aml Fecnn 1.|E Comntission under the (mvernment of the

Republic of Kazakh‘ahn in accordance Wil ' J 3 iele '8 of the Law “On
Science” and/or staie progr oriority scientific
directions determined b_\ the | Supreule Scac siionl —omirission under the

Government of the Republic of Kazakhstan and/ot with state programs. based on p2 ragraph 3 of
Article 18 of the Law “On Science.”

The dissertation is =‘0nne'h"’ o the 2021-202% research rrogeam “Applied Scientific
Research in the Field of Space Aoy o ' . : cmy s - Development
of Basic Technological Operition, 1o U ; v ior the Defense

and Aerospace Industry” (Republlcan Budve‘ Program, {KN 30'\2'7/0

Analysis of the level of melummi:u jon of the dissenn iation resulls in practical
activities. Based on the conducted rescarch. S eaientific siticles have peen published, including 2
articles in journals indexed ia Seopys o b of Sk \ e it sciortific journals
and publications.

Thus, the solutions presenied in Wie Gidseidiot dde- cuph suenific and practical

significance and make a relevant comtribution o the develonmen: of aluminum production

technologies.

4.11 Analysis of *he tonic nt the sorgation hv BV Ralserikes “Research of ways
to create domestic prepireg v i ' t fanonpy (PhD) in the
specialty 8D07105 —* Materials selence o (LY

The development of tech 110109» for producing high sstrenath carbon  prepregs with
extended shelf life is a strateglcally important task 10r (h€ acrospace ar « defense industries of the
Republic of Kazakhstan. as it provides a fomndation for the pr adnetion of spacecraft hulls, load-
bearing elements, componen:s of Lamaniee o Al 1 wavnch vehicles. This

area of research is especiaily relevam 1n . dovelopment of the domestic
aerospace sector, the need to recuce dependenie on 1;‘.'|=‘.u‘-i"u': i high- arrenf_th Df\,OrLgS and the
restricted access to information on their man Fagmaring technoiogizs due o international controls
on dual-use export technologies. At the same time. existing literature on prer\ eg manuiacmrma
technologies is largely generali ed and Woieznt™ polR e chanle | processes—
impregnation, pre-curing, #nd ST i nrlementation
and adaptation under doLEsuL LOLLILVTL

High-strength prepregs are pro duced usmg eposy resime. reforcing fibers, and
modifiers. However. comprehensive and reliable dawa on tae eifects of curing agents, diluents,
and solvents on the mechanical | sronerties and shell Tite el zreprogs o8 ~ell 2¢ on impregnation

parameters and pre-curing re fimas. 272 laci = i- oy nenwth of the final



material, its operational charzcterisucs. ar 4 defanse

To address wuns sciera o w Lo wrouoses a set of
scientifically grounded solutions aimed at studying the ettscts of latent curing agents and
diluent-modifiers on the mechanical and operational properties of binders, optimizing the
technological regimes of carbon fabric impregnarion and pre-curing. and developing a laboratory
setup for prepreg production and fechnology & E wperiiper 1 dize have shown that
the introduction of Z5% Lo AT Bl . . onsile strength
of 140 MPa, compressive strength of 150 ML, aiid si-s ats v up w0 35 days. Modification of
the binder with 10% pentaerythritol tetraglycidyl sther inereases the bindar strength from 150 to
160 MPa. reduces viscosity from 92 to 45 cP. and increases vrepree impregnation from 30 to

94%. allowing the strength of the resulting compasiie 1 rise from 560 fo 5010 MPa. Optimized
impregnation conditions femnc > 63 f ; .7 mm) and pre-
curing regimes (lemperaiure ~J . dura. e o masien piae sirength of 630

MPa.

Based on the comprehensive experimental studies. 4 methodology has been developed for
the fabrication of experimental rocket huils and tubular frames for unmanned aerial vehicles.
This methodology includss prepree luv-ul ' sidaal messure of 0.1 Pa,
and curing at 170 "C 1o 'S, : S _uots aemonstrated
tensile/compressive strengths 2 530/460 MPa anc swaviaty during tight s, confirming the
technological effectiveness of the proposed methodology.

The developed scientific approaches =i tachnolpeical solutions have significant
practical value, as they enable the creation 0° tie Winhesirenath nrepres production base,
ensure the manufaciars o ac ary ' | ¢ wchanical and
operational characteristics. Tedute LIDOLL Jibws v -tiov s e foumdlauon for the future
scale-up of the laboratory process to industrial nroduction.

Relationship of the dissertation topit ¥ Ath the directions of scientific development
formed by the Higher Scientific and Techuical Canmission uader the Goverament of the

Republic of Kazakhstan in secordans ' e il ¢ of the Law “On
Science” and/or state programs. L he « I« 1¢ the priority areas of

science defined by the Higher Scientiiic and lechnical Commission under the Government of
the Republic of Kazakhstan in accordance with parzgraph 3 of Article 18 of the Law “On
Science”, namely: “Applied Secientific Resezicn i ihe Tield of Space Activities™

The dissertation was cairiad out Wit . Qe i lowing ressarch project:
Republican Budget Proprar U e 2021- v and Hardware
Tools and Technologies for Desigmng a Frowlvpe ol ool I ciet bPropeltam and Internal
Systems of Light and Ultralight Launch Vehicles™ (Froject Code BR109019/0221/PCF).

Analysis of the level of implemeniata of the disseriation vesults in practical
activities. As a result of this work, five sor plege : w0 peon produced, including

three articles in jeurnals N b S hebed 1n journals
recommended by the Comtmtioe 1ot Qualiy, 490 o scicne: of the Ministry

of Education and Science of the Republic ot Kazakbstan,
Thus, the solutions proposed in this study PCSSES & kigh dzgree of scientific and practical

significance and represent & relevam contribution te ih> development ¢f b ah-ctrength composite
material technologics.
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