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Abstract. The article analyzes the requirements and international standards for
the use of modified bentonite as an insulating material. It is shown that an availability 
of bentonite clays’ large reserve in the Republic of Kazakhstan and their availability 
suggest expediency of development on their basis new domestic materials with unique 
waterproofing properties and possibility to use them at the disposal sites of nuclear 
industry wastes with low and medium level of activity in storages of surface and near-
surface types. During the execution of this work, 8 samples of hydrophobized clays 

mailto:dmk260482@gmail.com
https://www.scopus.com/authid/detail.uri?authorId=6603479894
mailto:musabekov40@mail.ru
https://orcid.org/0000-0003-1114-1901
https://orcid.org/0000-0001-8163-7035
mailto:dana_kereevna@kaznu.kz
https://orcid.org/0000-0002-1761-9745
https://orcid.org/0000-0002-5226-2710
https://orcid.org/0000-0002-4882-3845


67

Volume 1, Number 454 (2023)

obtained from «Tagan» deposit and their contact angles relating to water drops ranged 
from 29 to 157 degrees. Also these samples were tested for nonwetting by water 
phase during 365 days by full contact method. Water clarity was tested optically after 
contact with water by spectrophotometer and in result the water has been staying 100 
% transparent. 2 types of the most superhydrophobic clay samples were offered from 
the «Tagan» deposit clay for the first time and their contact angles were above 150 
degrees and they have absolutely super hydrophobic properties. Thus, it is shown that 
the application of new types of waterproofing materials derived from natural bentonite 
with improved structural and hydrophobic properties will make the disposal of low- and 
medium-level active wastes in storages of surface and near-surface types more reliable 
and safe, and will also contribute to the domestic production of new waterproofing 
materials based on the raw material base of Kazakhstan bentonite deposits.

Keywords: organic clay, nuclear industry, protective barrier, bentonite, radioactive 
waste
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Аннотация. Мақалада модификацияланған бентонитті оқшаулағыш материал 
ретінде қолдануға қойылатын талаптар мен халықаралық стандарттар талданады. 
Қазақстан Республикасында бентонит саздарының үлкен қорларының болуы және 
олардың қолжетімділігі олардың негізінде бірегей гидрооқшаулағыш қасиеттері 
бар жаңа отандық материалдарды әзірлеудің орындылығын және оларды жер 
үсті және жер маңы қоймаларында белсенділігі төмен және орташа деңгейдегі 
атом өнеркәсібі қалдықтарын көму орындарында пайдалану мүмкіндігін 
куәландыратыны көрсетілген. Бұл жұмысты орындау кезінде «Таған» кенорнының 
гидрофобталған саздарының 8 үлгісі жасалды және олардың су тамшыларына 
қатысты байланыс бұрыштары 29-дан 157 градусқа дейін өзгерді. Сондай-ақ, осы 
екі үлгі толық жанасу әдісімен 365 күн бойы су фазасымен әрекеттесу шамасы 
тексерілді. Судың мөлдірлігі ФЭК арқылы сумен контактыда болғаннан кейін 
оптикалық тығыздығы тексеріліп отырды және нәтижесінде суфазасы 365 тәулік 
100 % мөлдір болды. Алғаш рет «Таған» кенорнының сазынан ең супергидрофобты 
саз үлгілерінің 2 түрі ұсынылды және олардың байланыс бұрыштары 150 градустан 
жоғары болды және олар мүлдем супергидрофобты қасиеттерге ие. Осылайша, 
құрылымдық және гидрофобты қасиеттері жақсартылған табиғи бентониттен 
алынған гидрооқшаулағыш материалдардың жаңа түрлерін қолдану жер үсті және 
жер бетіне жақын типтегі қоймаларда төмен және орташа белсенді Қалдықтарды 
кәдеге жаратуды неғұрлым сенімді және қауіпсіз ететіні, сондай - ақ қазақстандық 
бентонит кен орындарының шикізат базасы негізінде жаңа гидрооқшаулағыш 
материалдарды отандық өндіріске ықпал ететіні көрсетілген.

Түйін сөздер: органикалық саз, атом өнеркәсібі, қорғаныс тосқауылы, 
бентонит, радиоактивті қалдықтар
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Аннотация. В статье анализируются требования и международные стандарты
к использованию модифицированного бентонита в качестве изоляционного 
материала. Показано, что наличие больших запасов бентонитовых глин в 
Республике Казахстан и их доступность свидетельствуют о целесообразности 
разработки на их основе новых отечественных материалов с уникальными 
гидроизоляционными свойствами и возможности их использования на местах 
захоронения отходов атомной промышленности с низким и средним уровнем 
активности в хранилищах поверхностных и околоземных типов поверхностей. Во 
время выполнения этой работы было получено 8 образцов гидрофобизированных 
глин месторождения «Таган» и их углы смачивания, относящиеся к каплям воды, 
варьировались от 29 до 157 градусов. Впервые были предложены 2 вида наиболее 
супергидрофобных образцов глин, изготовленных из глины месторождения 
«Таган», и их контактные углы были выше 150 градусов, и это означает, что 
они обладают супергидрофобными свойствами. Также эти образцы были 
протестированы на отсутствие смачивания водной фазой в течение 365 дней 
методом полного контакта. Прозрачность воды была проверена оптически после 
контакта с водой с помощью ФЭК, и в результате прозрачность воды оставалась на 
100 %. Таким образом, показано, что применение новых видов гидроизоляционных 
материалов, полученных из природного бентонита с улучшенными структурными 
и гидрофобными свойствами, сделает утилизацию низко- и среднеактивных 
отходов в хранилищах поверхностного и приповерхностного типов более надежной 
и безопасной, а также будет способствовать отечественному производству 
новые гидроизоляционные материалы на основе сырьевой базы Казахстанских 
месторождений бентонита.

Ключевые слова: органическая глина, атомная промышленность, защитный 
барьер, бентонит, радиоактивные отходы

Introduction
Nuclear power today remains the only source of stable, carbon-neutral, predictably 

priced, reliable energy supply to consumers. For example, a 1,000 megawatt nuclear 
power plant reduces greenhouse gas emissions by 4 million tons per year. The industry 
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is high-tech, contributes to the development of science and education, creating jobs in 
related industries.

Kazakhstan, the world’s main producer of fuel uranium with experience in nuclear 
research, is now embarking on its own nuclear power program.

At the same time, a distinctive feature of the nuclear power industry is the 
accumulation of significant volumes of radioactive waste (RW), which are generated 
practically at all stages of the nuclear fuel cycle. Thus, annually all over the world as 
a result of nuclear energy production about 200 000 m3 of low-active and intermediate 
radioactive waste and 10000 m3 of high-active waste are formed.

Radioactive waste, is generated:
In the mining and processing of uranium ore;
During the operation of nuclear power plants;
During reprocessing of spent fuel; 
During decommissioning of nuclear facilities; 
During radioactive waste management.
In this regard, the issues of creating repositories and burial sites with high 

environmental reliability are very relevant. 
The Storage or disposal facilities for radioactive waste include natural (natural) or 

man-made sites, receptacles, or rooms, and are accordingly divided by acceptance of 
radioactive waste from:

1) Exploration, mining and processing activities, containing mainly natural
radionuclides;

2) nuclear power, nuclear explosions and radioisotope products, predominantly
containing artificial radionuclides.

To ensure proper waste management, the International Atomic Energy Agency has 
established standards that include guidelines for classifying radioactive waste according 
to its physical, chemical, and radiological properties. These standards facilitate the 
application of proper management practices and the selection of safe disposal sites for 
radioactive waste. Also, in order to prevent the uncontrolled spread of radionuclides 
into the environment, a number of methods have been developed for disposal of RW in 
near-surface or deep geological formations; the main concept of these methods is the 
use of a multi-barrier system, which includes both engineering, natural and geochemical 
barriers.

In Kazakhstan, the following documents are relevant in regulating nuclear and 
radiation safety, defining the main provisions: 

Law of the Republic of Kazakhstan »On the Use of Atomic Energy» (№ 442-V Law 
of the Republic of Kazakhstan dated 12.01.2016, updated on 26.11.2019);

The Law of the Republic of Kazakhstan »On Radiation Safety of the Population» (№ 
219 of 23.04.1998, updated on 11.04.2019);

«Environmental Code of the Republic of Kazakhstan» (№212 of 09.01.2007, updated 
07.01.2020);

The Law of the Republic of Kazakhstan »On Permits and Notifications» (№ 202-V 
Law of the Republic of Kazakhstan dated 16.05.2014, updated on 11.01.2020), which 
replaced the Law of the Republic of Kazakhstan» On Licensing». 
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Along with them, there are regulatory and technical documents, such as: 
Technical Regulations »Nuclear and Radiation Safety», Nuclear and Radiation 

Safety of Nuclear Power Plants», »Nuclear and Radiation Safety of Research Nuclear 
Facilities»;

Hygienic Norms “Sanitary and Epidemiological Requirements for Radiation Safety”, 
Sanitary Rules “Sanitary and Epidemiological Requirements for Radiation Safety”, 
Sanitary Rules “Sanitary and Epidemiological Requirements for Radiation Hazardous 
Facilities”; 

Rules of organization, collection and disposal of radioactive waste, state accounting 
of nuclear materials, physical protection of ionizing radiation sources and storage sites, 
physical protection of nuclear materials and nuclear facilities, transportation of nuclear 
materials.

According to the Environmental Code of the Republic of Kazakhstan, radioactive 
waste is classified by source of generation into:  

Waste from the mining industry;
Waste from research and power nuclear facilities;
Waste from nuclear explosions;
Unused radioactive radiation sources and sources with expired service life.
According to the level of radioactivity, solid radioactive waste is classified into: 
low-active waste - waste with specific activity (kilobecquerels per kilogram): 

less than one thousand for beta-emitting radionuclides; less than one hundred for 
alpha-emitting radionuclides (excluding transuranic radionuclides); less than ten for 
transuranic radionuclides;

moderately active waste - waste with specific activity (kilobecquerels per kilogram): 
from one thousand to ten million — for beta-emitting radionuclides; from one hundred 
to one million - for alpha-emitting radionuclides (excluding transuranic ones); from ten 
to one hundred thousand — for transuranic radionuclides;

high level waste — waste with specific activity (kilobecquerels per kilogram): more 
than ten million - for beta-emitting radionuclides; more than one million - for alpha-
emitting radionuclides (excluding transuranic ones); more than one hundred thousand 
- for transuranic radionuclides.

There are several conceptual ways of disposal of low- and intermediate-level
radioactive waste, based on the principle of near-surface disposal at the depth of 30-50 
m; underground disposal at the depth of 50–300 m. (intermediate); disposal in stable 
geological formations at a depth of more than 300 m.

An example of reliable structural options for isolating wastes of all types and 
categories is still underground facilities, repositories that consist of mine shafts, 
transportation, ventilation and other servicing workings, chambers or wells for RAW 
storage.

Waste with low and intermediate levels of radioactivity is shipped to specific locations. 
Prior to transport to final disposal sites, the waste is processed and packaged to reduce 
radioactivity levels. For final disposal, the waste is placed in deep geological formations 
or on the surface of the ground. In this regard, certain requirements are imposed on the 
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arrangement of repositories. One of the most important parameters of the repository is 
the hydrogeological conditions of the section. The best conditions would be complete 
absence of groundwater in the storage section. However, it is not always possible to 
ensure these conditions. According to the recommendations of the International Atomic 
Energy Agency, the hydrogeological requirements for RAW isolation sites are to help 
limit groundwater inflow into the repository and to maintain reliable waste isolation 
for the required period of time. Particular hazards if these requirements are not met 
are spent fuel storage facilities where warming of the RW storage areas and the risk 
of groundwater intrusion are important risk factors. With this in mind, when selecting 
a site for a radioactive waste containment facility, rock properties such as low water 
encroachment or weak water content; high sorption capacity of water-bearing rocks; 
low permeability are preferable.

The geochemical properties of the geological and hydrogeological environments 
should, according to IAEA safety standards, help limit the migration of radionuclides 
from the placed equipment into the environment (Oblivantsev et al., 2007).

Bentonite clays having the highest swell ability and the lowest hydraulic conductivity 
are considered in many countries as the basic material for creating insulating antimigration 
barriers. Numerous studies of bentonite indicate its high sorption capacity with respect 
to cations in a wide pH range (Rozhkova et al., 2021).

Materials and basic methods
In this research work, based on the potential needs of Kazakhstan’s emerging nuclear 

power industry, we have attempted to create domestic organoclays (superhydrophobic 
clays). Organoclays with different values of the wetting contact angle are special 
sorbents, modified to organophilic state, which makes them very interacting with 
organic molecules, which is considered unnatural for conventional hydrophilic clays.

For carrying out research, we used pink bentonite clay (montmorillonite) of Tagan 
field of East Kazakhstan region. To isolate enriched sodium montmorillonite form (Na-
montmorillonite) from the natural clay (from Tagan deposit) was crushed firstly in a 
percussion type mill at a speed of grinding rotor 22 thousand rpm for 30 minutes. Then, 
500 g of dispersed clay was suspended in 15 liters of distilled water, stirred vigorously for 
10 minutes and left for 20 hours for sedimentation of micro-heterogeneous particles of 
non-clay materials - sand and other components. Then the upper layer of the suspension 
was separated by decantation and the colloid-dispersed montmorillonite fraction was 
separated by centrifugation (Dashinamzhilova et al., 2017). As a result, Na-form of 
montmorillonite (NaMMT) was obtained.

In principle, a common approach to obtaining organoclays is to replace inorganic 
montmorillonite cations (Na+, Ca++, Mg++), which ensure the stability of the layered 
structure, with large organic cations of various natures (Kinjal et al., 2013).

To obtain the barrier properties of the clay mineral, powdered NaMMT of the Tagan 
deposit was modified with a compound of organic origin in various concentration 
intervals of the modifier, after which these samples were measured for water wettability.

The water wettability of hydrophobic clays were performed on a Goniometer LK-1. 
The optical density of the liquid phase was measured on a spectrophotometer.  
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Results. In the course of this work, we have obtained the values of the water edge 
angles, the results of which are shown in Table 1.

Table 1. Values of the edge angles of water wetting of the surface of compressed Na-montmorillonite 
powders and organoclay samples.

№
Concentration of an 
organic origin modifier 
in an aqueous polymer 
solution, M

0 0,00125 0,005 0,0125 0,0625 0,125 0,25 0,50 1

Wetting angles, degree 27 29 131 140 142 143 144 151 157
Photos of water droplets 
on the surfaces of 
compressed Na-MMT 
and organoclay powders

Waste with low and intermediate levels of radioactivity is shipped to specific locations. Prior to
transport to final disposal sites, the waste is processed and packaged to reduce radioactivity levels. For final 
disposal, the waste is placed in deep geological formations or on the surface of the ground. In this regard,
certain requirements are imposed on the arrangement of repositories. One of the most important parameters of
the repository is the hydrogeological conditions of the section. The best conditions would be complete absence
of groundwater in the storage section. However, it is not always possible to ensure these conditions. According
to the recommendations of the International Atomic Energy Agency, the hydrogeological requirements for
RAW isolation sites are to help limit groundwater inflow into the repository and to maintain reliable waste 
isolation for the required period of time. Particular hazards if these requirements are not met are spent fuel
storage facilities where warming of the RW storage areas and the risk of groundwater intrusion are important
risk factors. With this in mind, when selecting a site for a radioactive waste containment facility, rock
properties such as low water encroachment or weak water content; high sorption capacity of water-bearing
rocks; low permeability are preferable.

The geochemical properties of the geological and hydrogeological environments should, according to 
IAEA safety standards, help limit the migration of radionuclides from the placed equipment into the
environment (Oblivantsev et al., 2007).

Bentonite clays having the highest swell ability and the lowest hydraulic conductivity are considered 
in many countries as the basic material for creating insulating antimigration barriers. Numerous studies of
bentonite indicate its high sorption capacity with respect to cations in a wide pH range (Rozhkova et al., 2021).

Materials and basic methods
In this research work, based on the potential needs of Kazakhstan's emerging nuclear power industry,

we have attempted to create domestic organoclays (superhydrophobic clays). Organoclays with different
values of the wetting contact angle are special sorbents, modified to organophilic state, which makes them
very interacting with organic molecules, which is considered unnatural for conventional hydrophilic clays.

For carrying out research, we used pink bentonite clay (montmorillonite) of Tagan field of East
Kazakhstan region. To isolate enriched sodium montmorillonite form (Na-montmorillonite) from the natural
clay (from Tagan deposit) was crushed firstly in a percussion type mill at a speed of grinding rotor 22 thousand 
rpm for 30 minutes. Then, 500 g of dispersed clay was suspended in 15 liters of distilled water, stirred
vigorously for 10 minutes and left for 20 hours for sedimentation of micro-heterogeneous particles of non-clay
materials - sand and other components. Then the upper layer of the suspension was separated by decantation
and the colloid-dispersed montmorillonite fraction was separated by centrifugation (Dashinamzhilova et al.,
2017). As a result, Na-form of montmorillonite (NaMMT) was obtained.

In principle, a common approach to obtaining organoclays is to replace inorganic montmorillonite
cations (Na+, Ca++, Mg++), which ensure the stability of the layered structure, with large organic cations of
various natures (Kinjal et al., 2013).

To obtain the barrier properties of the clay mineral, powdered NaMMT of the Tagan deposit was
modified with a compound of organic origin in various concentration intervals of the modifier, after which 
these samples were measured for water wettability.

The water wettability of hydrophobic clays were performed on a Goniometer LK-1. The optical density
of the liquid phase was measured on a spectrophotometer.

Results. In the course of this work, we have obtained the values of the water edge angles, the results
of which are shown in Table 1.

Table 1. Values of the edge angles of water wetting of the surface of compressed Na-montmorillonite powders and organoclay
samples.

№ 1. 2. 3. 4. 5. 6. 7. 8. 9.
Concentration of an 
organic origin 
modifier in an
aqueous polymer
solution, M

0 0,001
25

0,005 0,0125 0,0625 0,125 0,25 0,50 1

Wetting angles,
degree

27 29 131 140 142 143 144 151 157

Photos of water 
droplets on the 
surfaces of 
compressed Na-

A drop of water on the surface of Na-montmorillonite and samples modified with a 
nonpolar compound at its low concentrations (<1.25.10-3 mol/l) was instantly absorbed 
by clay. With an increase in the concentration of cationic surfactants, its hydrophobic 
effect on the surface of montmorillonite increases. Treatment of bentonite clay of the 
Tagan deposit with comparatively the most concentrated solutions of the modifier (with 
>0.5 mol/L) leads to the formation of an almost superhydrophobic surface (θ=1510 and 
θ=1570). 

MMT and
organoclay powders

A drop of water on the surface of Na-montmorillonite and samples modified with a nonpolar
compound at its low concentrations (<1.25.10-3 mol/l) was instantly absorbed by clay. With an increase in the
concentration of cationic surfactants, its hydrophobic effect on the surface of montmorillonite increases.
Treatment of bentonite clay of the Tagan deposit with comparatively the most concentrated solutions of the
modifier (with >0.5 mol/L) leads to the formation of an almost superhydrophobic surface (θ=1510 and θ=1570). 

Sodium-bentonite chemically-modified-bentonite-clay

Similar results were obtained in when studying the adsorption of cetyltrimethylammonium bromide
on the montmorillonite of the Erzurum deposit. In the cited work, it is assumed that the adsorption isotherms
on montmorillonite have 2 stages (Semra Karaca et al., 2013). In the first stage, according to the authors, the
formation of a saturated monomolecular surfactant layer occurs, while in the second stage, the formation of a 
second layer occurs due to hydrophobic interactions of alkyl radicals of CTAB located in the adsorption layer
with similar surfactant radicals in solution. However, as follows from the authors' data, these changes in the 
adsorption layer of surfactants are not particularly reflected in the values of θ.

The resulting organic clays were placed on the surface of water in a glass and the superhydrophobic
clay was not wetted with water, the separation into dry powder of organic clays and water was clear for a year.
The results were also confirmed by checking the optical density of the water under the organic clays powder,
where as a result the water remained absolutely transparent.

Thus, the possibility of creating organic clays based on domestic bentonite, with an edge wetting angle
of over 150 degrees, which can be used to maintain reliable isolation of nuclear waste for the required time, is
shown. A technological scheme for the production of superhydrophobic clays was also developed (Artykova
et al., 2020). Referring to the results we obtained earlier, a line of Organic clays products is proposed (Artykova
et al., 2019):

Kazbenton-ORGANOCLAY-1 (KOC1)
Kazbenton-ORGANOCLAY -2 (KOC2) 

Table 2. Marking of superhydrophobic clay samples from the Tagan deposit.

Product names Abbreviations Wetting edge angles Aggregate state
Kazbenton-ORGANOCLAY-1 KOC1 151 degrees Highly dispersed powder
Kazbenton-ORGANOCLAY-2 KOC2 157 degrees Highly dispersed powder

Discussion
The idea of creating man-made protective barriers from bentonite clays has been widely and

thoroughly investigated today (Dohrmanna et al., 2013). As noted in the research materials (Delage et al., 
2010), the main disadvantage of using pure bentonite is heat dissipation, which leads to heating of the stored
waste and, as a consequence, violation of the integrity of the protective barrier.

It was also shown that the use of a mixture: bentonite-quartz has the necessary thermal conductivity,
but at the same time significantly worsens the basic protective properties of bentonite itself, namely its low 
permeability, and high ion exchange and adsorption capacities (Makarov et al., 2017). An example of reliable 
structural capabilities for the isolation of waste of all types and categories is still underground structures,
storage facilities, which consist of mine shafts, transport, ventilation and other maintenance workings,
chambers or wells for the placement of RAW.

There are certain technologies for the disposal of waste of low and medium activity in specially created
chambers, trenches, wells and storage facilities equipped in surface layers. All types of storage facilities have 
found their application on various scales for the storage of waste of varying degrees of radioactivity. 

Sodium-bentonite chemically-modified-bentonite-clay 

Similar results were obtained in when studying the adsorption of 
cetyltrimethylammonium bromide on the montmorillonite of the Erzurum deposit. In 
the cited work, it is assumed that the adsorption isotherms on montmorillonite have 
2 stages (Semra Karaca et al., 2013). In the first stage, according to the authors, the 
formation of a saturated monomolecular surfactant layer occurs, while in the second 
stage, the formation of a second layer occurs due to hydrophobic interactions of alkyl 
radicals of CTAB located in the adsorption layer with similar surfactant radicals in 
solution. However, as follows from the authors’ data, these changes in the adsorption 
layer of surfactants are not particularly reflected in the values of θ. 

The resulting organic clays were placed on the surface of water in a glass and the 
superhydrophobic clay was not wetted with water, the separation into dry powder 
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of organic clays and water was clear for a year. The results were also confirmed by 
checking the optical density of the water under the organic clays powder, where as a 
result the water remained absolutely transparent.

Thus, the possibility of creating organic clays based on domestic bentonite, with 
an edge wetting angle of over 150 degrees, which can be used to maintain reliable 
isolation of nuclear waste for the required time, is shown. A technological scheme for 
the production of superhydrophobic clays was also developed (Artykova et al., 2020). 
Referring to the results we obtained earlier, a line of Organic clays products is proposed 
(Artykova et al., 2019):

Kazbenton-ORGANOCLAY-1 (KOC1)
Kazbenton-ORGANOCLAY -2 (KOC2) 

Table 2. Marking of superhydrophobic clay samples from the Tagan deposit.

Product names Abbreviations Wetting edge angles Aggregate state
Kazbenton-ORGANOCLAY-1 KOC1 151 degrees Highly dispersed powder
Kazbenton-ORGANOCLAY-2 KOC2 157 degrees Highly dispersed powder

Discussion
The idea of creating man-made protective barriers from bentonite clays has been 

widely and thoroughly investigated today (Dohrmanna et al., 2013). As noted in the 
research materials (Delage et al., 2010), the main disadvantage of using pure bentonite 
is heat dissipation, which leads to heating of the stored waste and, as a consequence, 
violation of the integrity of the protective barrier.

It was also shown that the use of a mixture: bentonite-quartz has the necessary thermal 
conductivity, but at the same time significantly worsens the basic protective properties 
of bentonite itself, namely its low permeability, and high ion exchange and adsorption 
capacities (Makarov et al., 2017). An example of reliable structural capabilities for the 
isolation of waste of all types and categories is still underground structures, storage 
facilities, which consist of mine shafts, transport, ventilation and other maintenance 
workings, chambers or wells for the placement of RAW.

There are certain technologies for the disposal of waste of low and medium activity 
in specially created chambers, trenches, wells and storage facilities equipped in surface 
layers. All types of storage facilities have found their application on various scales for 
the storage of waste of varying degrees of radioactivity. 

For example, in Russia (Oblivantsev et al., 2007), borehole-type burial grounds 
for waste of low and medium activity have found experimental use in the MosNPO 
“Radon” in the Sergiev Posad district of the Moscow region. The RW disposal site is 
a system of nine wells constructed in dense moraine loams by drilling on a square grid 
with dimensions of 7.2 *7.2 using clay drilling mud with a density of 1.2 t/m3.

In Sweden, the technology of deep disposal of radioactive waste was developed and 
adopted (Zhou et al., 2019). Spent nuclear fuel is placed in inner steel and then a copper 
outer capsule. The capsule itself is placed in a bentonite block, which is lowered into 
a drilling well of primary rocks to a depth of 500 m, after which the well is filled with 

https://www.semanticscholar.org/author/C.-Zhou/2128195431
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bentonite, the Na - bentonite used in this case showed better results compared to other 
types of bentonite and clay materials.

In Kazakhstan, near-surface disposal of radioactive waste is mainly used, where clay 
and bitumen-based mixtures are used for the anti-filtration screen (Shabanova et al., 
2007).

At the same time, Kazakhstan has sufficient reserves of bentonite clays. Bentonite-
bearing formations, which are productive strata for montmorillonite deposits, are widely 
developed on the territory of Kazakhstan and are confined to orogenic depressions 
and deflections bordering the Kazakh folded system, the Turan Plate and the Caspian 
Depression. The deposits of Southern and Eastern Kazakhstan are of the greatest 
practical interest. In East Kazakhstan, the Manrak group of bentonite clay deposits with 
total forecast resources of about 50 million tons is known. Tagan (10.6 million tons) 
and Dinosaur (about 4 million tons) deposits are distinguished by the high quality of 
bentonite. 

The clays of the Tagan deposit were studied most fully, during which the features of 
the genesis and distribution of montmorillonite varieties were revealed, the reserves of 
the deposit were determined, natural types of bentonites were identified and industrial 
types were outlined. According to the results of research at the deposit, 3 types of 
bentonite clays were approved: alkaline, alkaline earth and pharmaceutical. The variety 
of properties of montmorillonites and bentonite clays is associated with the peculiarities 
of the genesis of the Tagan deposit, and various studies based on them have shown the 
possibility of using them in various industrial technologies (Sapargaliev et al., 2007).

Earlier in, we conducted full-scale studies on the waterproofing properties of 
bentonite from the 6 deposit, as well as in this work, it was shown that superhydrophobic 
clays, where the wetting contact angles were equal to the values of 150 and 157 degrees 
and have resistance to water for 365 days, which shows the possibility of using such 
superhydrophobic clays to maintain reliable isolation of nuclear waste for the required 
time (Artykova et al., 2019).

Conclusion
Taking into account the significant volumes of accumulated radioactive waste, 

strict requirements and international standards in environmental matters, the use of 
modified bentonite as an insulating material is a very promising and economically 
justified direction, since the new materials obtained by us have water wetting values 
over 150 degrees, which can be used to maintain reliable isolation of nuclear waste for 
the required time period.

Within the framework of this study, 2 samples of superhydrophobic types of the 
Tagan deposit clays were created, where their wetting contact wetting angles were equal 
to 150 and 157 degrees. For the first time, a superhydrophobic clay of the Tagan deposit 
was obtained equal to 157 degrees of the wetting contact angle. The water resistance 
of these samples was studied and the experiment showed superhydrophobicity for 365 
days. We assume that superhydrophobic clays can show water resistance (waterproof) 
for more than 365 days, since this experiment has been prolonged. The results of the 
showed 100% transparency of water in contact with superhydrophobic clay samples.



76

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

The presence of large stocks of bentonite clays in the Republic of Kazakhstan and 
their economic availability naturally suggest the expediency of searching for and creating 
new domestic materials such as superhydrophobic bentonite or bentonite waterproofing 
at landfills of LLW and ILW in surface and near-surface storage types. 

The creation and application of new types of waterproofing materials based on 
natural bentonite with improved structural and hydrophobic properties will make the 
burial of LLW and ILW in surface and near-surface storage facilities more reliable 
and safe, and will also contribute to the creation of innovative domestic production of 
new waterproofing materials based on the raw material base of Kazakhstan bentonite 
deposits.
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