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Abstract:  

This article presents the methods of obtaining silica gel adsorbents and their 

industrial use. The methods of recovery of adsorbents produced after purification 

from heavy metals in wastewater are shown in laboratory conditions and in industry. 

Water vapor adsorption isotherms of regenerated silica gel adsorbents were 

measured in a sensitive quartz spiral apparatus of Mac-Behn. 
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Today, the demand for obtaining nanoporous, organophilic, thermal, and universally 

modified effective adsorbents for adsorption processes is to base scientific solutions 

on the thermodynamics of adsorption, first of all: to obtain suitable raw materials for 

adsorbers with selective absorption; study of thermodynamics of adsorption of 

organic vapors on modified bentonites; formation of ion-molecular and -complexes 

in the pores of the adsorbent takes energy; study of processes of process cations 

influence on adsorption processes; it is necessary to study the full molecular 

adsorption mechanism. 

Silica gel is a chemical compound obtained from silicic acid salts and dried. Silica gel 

adsorbents have the form of granules (grains), the diameter of which can be from 

0.01 to 7 mm. This property has brought silica gel to the field of wide application [1]. 

It is used in the following areas: 

Air drying and removal of vapors of various volatile substances (benzene, ether, etc.); 

In refining oils and oil products; 

Removal of dissolved mixtures of heavy metals from wastewater; 

It is widely used in the areas of moisture protection of harvested crops, materials, 

equipment, and goods. 

Features of regeneration of produced adsorbents. 

In the process of absorbing water and gases, silica gel gradually loses its properties. 

At the same time, the destruction of the substance itself does not occur, which allows 
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it to be reused after the regeneration process (in addition, it is more economically 

profitable than constantly using new batches of the product). 

Recovery of silica gel adsorbates includes the following technological processes: 

Cleaning (not in all cases). 

Desorption - removal of absorbed substances from silica gel. 

Cooling. 

Drying cabinets are used to regenerate silica gel in the laboratory. In this case, the 

heating temperature is 150-170 degrees, the processing time is 3 to 4 hours. 

The choice of regeneration method in industry depends on the use of silica gel. Thus, 

when using a substance to absorb freons for preliminary cleaning of the surface of 

granules and pores, before heat treatment, blowing with inert gases (heated to 80-

90 degrees) or cleaning of grains with a vacuum cleaner is carried out. If silica gel 

was used to remove impurities from oils and petroleum products, cleaning is carried 

out in the following ways: 

Steam treatment; cleaning with non-flammable solvents. 

If silica gel is used to remove moisture from the air, regeneration involves drying it. 

The main indicator for the efficiency of the process is temperature. In particular, 

when heat reaches 160 degrees, regeneration occurs regardless of the humidity of the 

environment. Modern drying cabinets have the ability to heat up to the specified 

parameters and higher [2]. 

Experimental part: For this purpose, as a research object, large porous granular silica 

gel (KG'DS) adsorbents used in the territory of our Republic were selected. 

First, about 10-15 g of KG'DS adsorbents were added to 1 liter of wastewater, and the 

mixture was thoroughly mixed and left for 30 minutes, and the adsorbent was 

filtered. Silica gel adsorbents that absorbed heavy metals in wastewater were 

regenerated in laboratory conditions as shown in Figure 1. 

Silica gel adsorbents were obtained by activating the wastewater content at thermal 

100, 130, 160, 180oC for 3.5-4.0 hours in laboratory conditions. The process of 

regeneration of silica gel adsorbents under laboratory conditions is presented in 

Figure 1. 

Figure 1. 
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Figure 1. The scheme of recovery of silica gel adsorbents purified from heavy 

metals in wastewater in laboratory conditions 

 

Silica gel adsorbents purified from heavy metals. 

Adsorption of the obtained adsorbents with water vapor was studied. 

It is important to study the structural porosity and adsorption parameters of silica 

gel adsorbents when conducting experiments and determining the mechanisms of 

surface properties. Adsorption of obtained silica gel adsorbents with polar molecule 

water vapor was studied. 

Water vapor adsorption isotherms of silica gel adsorbents were measured in 

McBean's sensitive quartz spiral device [3]. Before measuring the adsorption of water 

molecules in the sample, the system was vacuumed until the residual pressure was 

1.33x10-3Pa, heated for 8 hours, and then adsorption isotherms were obtained. A 

scheme of the high-vacuum Mc-Ben-Bakra apparatus for adsorption research is 

shown in Fig. 2. 

Figure 2. 



 
                                                              

                        ISSN: 2776-0979, Volume 4, Issue 12, December, 2023 

92 
 
  

 
Figure 2. Scheme of the Mc-Ben-Bakra vacuum device for measuring adsorption 

isotherms. 1,2-cranes; 3-oil diffusion pump; 4-mercury U-shaped monometer; 5th 

mercury; 6 ampoule for liquid adsorbent; 7-quartz spring; 8- adsorbent cup; 9- 

column where adsorption processes go; 

 

The water obtained as adsorbate was purified and dried under vacuum conditions 

before being used in sorption, its vapor pressure was first frozen and then heated 

until its vapor pressure was equal to the data of vapor pressure given in the tables for 

pure water [3] . The obtained adsorption isotherms are presented in Figure 3. 

3 - picture 
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Figure 3. Adsorption isotherms of silica gel adsorbents with water vapor. a - initial, 

б - 100 oC, в - 130 oC, г -160 oC, д - 180 oC 

The results of the adsorption isotherm showed that with the increase in temperature, 

we can see that the adsorption of water vapor on the adsorbents decreases. One of 

the main reasons for this can be explained by the decrease of polar functional, i.e., 

OH- groups in the adsorbent as the temperature increases. 

 

References 

1. Nechaev, A.I. Investigation of radical polymerization and structure of anti-

turbulent terpolymers based on acrylamide, acrylonitrile and 2- acrylamide-2-

methylpropanesulfonic acid / A.I. Nechaev, M.N. Gorbunova, I.I. Lebedeva et 

al. // Journal. prikl. chemistry - 2017. - Vol. 90. - No. 9– - 1234-1242 p.  

2. [2]. Strelnikov, V.N. Development of acrylate copolymers with increased acid, 

salt and heat resistance as a basis for import-substituting drilling lubricants / 

V.N. Strelnikov, V.A. Valcifer, A.I. Nechaev // Collection of theses of the XX 

Mendeleev Congress on General and Applied Chemistry. - Yekaterinburg, 2016. 

- Vol. 3. - 283 p.  

3. [3]. Nechaev, A.I. Investigations in Acrylate Polymer Composition, in its 

Structure and DragReducing Properties under Conditions of High 

Temperatures and Highly Mineralized Aqueous Media / A.I. Nechaev, V.A. 

Valtsifer and V.N. Strelnikov. // The optimization of the composition, structure 

and properties of metals, oxides, composites, nano and amorphous materials. 



 
                                                              

                        ISSN: 2776-0979, Volume 4, Issue 12, December, 2023 

94 
 
  

Proceedings of the sixteenth Israeli – Russian Bi-National Workshop. –Israel, 

Ariel, 2017.– 91 р. 

4. [4]. Fundamentals of analytical chemistry / edited by Yu. A. Zolotov. - 3rd, 

pererab. and additional - M.: Higher School, 2004. - Vol. 2. - 503 p.  

5. [5]. GOST 11034-82 polyamides. Method for determining the number of 

viscosity of dilute solutions.  

6. [6]. A.I. Sharipova., I.L. Akhmadjonov., A.B. Аbdikamalova., Kh.I. Akbarov., 

Sh.A. Kuldasheva Synthesis of New Fixings of Mobile Sands (2021). Alinteri 

Journal of Agriculture Sciences 36(1): 356-361  

7. [7] Feruz Tukhtaev, Dilorom Karimova, Dilnavoz Kamalova. Research of Kinetic 

Sorption of Pb2+ Ions in Pb(NО3)2 Solution by Composite Polymeric Sorbents 

Under Various Conditions //International Journal of Advanced Research in 

Science, Engineering and Technology. Vol. 7, Issue 6, June. 2020. pp 14036-

14043.  

8. [8]. Feruz Tukhtayev, Iroda DJalilova, Nargiza Shonazarova. Development of 

Sorption Technology of Composition Polymer Sorbents // International Journal 

of Advanced Research in Science, Engineering and Technology. Vol. 7, Issue 10 

, October 2020. pp. 15414-15417  

9. [9]. Feruz Tukhtaev, Dilorom Karimova, Ayzada Malikova, Dilnavoz Kamalova. 

Research Of Kinetic Sorption Of Cu2+ Ions In CuSO4 Solution By Composite 

Polymeric Sorbents Under Various Conditions // Journal of Advanced Research 

in Dynamical & Control Systems, DOI: 

10.5373/JARDCS/V12SP6/SP20201058. Vol.12, Special Issue-06, 2020. pp. 

505-511. 

10. Адизова Н.З., Кулдашева Ш.А., Эшметов И.Д., Ахмаджонов И.Л. Studying 

the influence of windway air flow on erosion of fixed soilds and sands of the aral 

//Узбекский химический журнал. -2019, -№ 2. С. 29-35 (02.00.00, №6). 

11. Adizova N.Z., Kuldasheva Sh.A., Ahmadjonov I.L., Eshmetov I.D., Akbarov Kh.I. 

Fixing mobile desert sands: definition of water resistance, mechanical strength 

and mechanism of fixing //Bulletin of National University of Uzbekistan: 

Mathematics and Natural Sciences: Vol. 3: Iss. 1, Article 9 (02.00.00, №12). 

12. Kuldasheva Sh.A., Ahmadjonov I.L., Adizova N.Z., Abdulkhaev T.D. Efficiency 

of Fixing Mobile Sands for Solving some Ecological Problems of Desert Zones of 

Surkhandarya // Solid State Technology, Volume: 63 Issue: 4, P-374-380. ((40) 

Researchgate). 

13. Адизова Н.З., Ахмаджонов И.Л., Усмонова А.Г., Кулдашева Ш.А. Чўл 

ҳудудларида кўчма тупроқ ва қумларни мустаҳкамлашнинг муҳим 



 
                                                              

                        ISSN: 2776-0979, Volume 4, Issue 12, December, 2023 

95 
 
  

параметрлари ва уларни ўрганишнинг аҳамияти //“Фан ва технологиялар 

тараққиёти” илмий-техникавий журнал, 2020.- №3.- 223-231 бетлар 

(02.00.00, №14). 

14. I.L.Axmadjonov, A.I.Sharipova., A.B. Аbdikamalova., Kh.I. Akbarov., Sh.A. 

Kuldasheva Synthesis of new polimers for Fixings of Mobile Sands Alinteri 

Journal of Agriculture Sciences 36(1) (2021).: Р 356-361. 

DOI:10.47059/alinteri/V36I1/AJAS 21053 ((1)Web of Science). 

15. Ахмаджанов И.Л., Адизова Н.З., Кулдашева Ш.А., Закрепление 

подвижных песков пустынных регионов Сурхандарьи с помощью 

солестойких композиций //Cборник научных статей по итогам работы 

Межвузовского научного конгресса Высшая школа: Научные 

исследования Москва, -2020. -  С.101-106. 

16. Кулдашева Ш.А., Ахмаджонов И.Л., Адизова Н.З., Суванов Ш.Д., Рашидов 

А.А. Механизм структурообразования химического закрепления 

подвижных песков комплексными добавками // “Ресурсо- и 

энергосберегающие, экологически безвредные композиционные и 

нанокомпозиционные материалы. Материалы республиканской научно- 

Ахмаджонов И.Л.,технической конференции. (25-26 апрель) Ташкент. – 

2019. –С. 147-149. 

17. Адизова Н.З., Кулдашева Ш.А., Акмалова А.Г., Суванов Ш.Д., Рашидов А.А.  

Орол Сурхандарё кучма тупроқ ва қумлари минерологик, кимёвий ва 

дисперс таркиблари хусусияти // XXI аср интелектуал ёшлар асри 

мавзусидаги республика илмий-амалий конференцияси (29-март) -2019.  

107-109 бетлар. 

18. Ahmadzhonov I.L., Adizova N.Z., Kuldasheva Sh.A., Suvanov Sh.D., Rashidov 

A.A., Kazbekov R.  Influence of wind flow of air on erosion of fixed ground and 

sand of the aral sea // Сборник материалов 5 международной научно-

практической конференции «Актуальные проблемы внедрения 

инновационной техники и технологий на предприятиях по производству 

строительных материалов, химической промышленности и в смежных 

отраслях» (24-25 мая) Фергана. – 2019. - С. 283-285. 

19. Адизова Н.З., Ахмаджонов И.Л., Кулдашева Ш.А. Экологические 

проблемы по закреплению подвижных песков арала //«Қорақалпоғистон 

республикасида кимё, кимёвий технология, нефт-газ ва енгил саноат 

соҳалари ривожининг долзарб муаммолари» мавзуcидаги республика 

илмий-амалий конференцияси, Нукус (24-май) - 2019. - С. 74-76. 



 
                                                              

                        ISSN: 2776-0979, Volume 4, Issue 12, December, 2023 

96 
 
  

20. Ахмаджонов И.Л., Адизова Н.З., Кулдашева Ш.А., Investigation of the effect 

of the wind air flow on the mechanical strength of the fixed Aral sands // XXI 

Менделеевский съезд по общей и прикладной химии, Том-3, 2020. - С. 293. 

21. Ахмаджонов И., Адизова Н.З., Кулдашева Ш.А., Акмалова А. 

Взаимодействия мелиорантов-закрепителей с частицами песка пустыни // 

Материалы международной научно-практической интернет-конференции 

«Тенденции и перспективы развития науки и образования в условиях 

глобализации», 28 сентября -2019 года, Вып. 51. - С.294-297. 

22. Ахмаджонов И.Л., Адизова Н.З., Адизов Б.З., Пайғамов Р.А., Кулдашева 

Ш.А. Орол бўйи кўчма қумларини сув ва бензол буғи билан адсорбцияси 

// Республика илмий анжуман материаллари тўплами “Ҳозирги замонда 

тупроқшунослик ва деҳқончилик муаммолари” (16 октябрь), - 2019. 141-142 

бетлар. 

23. Ахмаджонов И.Л., Адизова Н.З., Кулдашева Ш.А., Абдикамалова А.Б., 

Эшметов И.Д., Закрепление подвижных песков со дна осушенного Арала с 

помощью солестойких композиции // Сборник трудов I международного 

Узбекско-Казахского симпозиума «Актуальные проблемы развития 

химической науки и промышленности», (24-25 октября) Ташкент-2019. - 

С. 192-197. 

24. Ахмаджонов И.Л., Адизова Н.З., Кулдашева Ш.А., Абдикамалова А.Б., 

Эшметов И.Д., Юсупов Ж.С. Исследование влияний закрепляющих 

добавок для предотвращения ветровой эрозии засоленных песков 

//Материалы Республиканской научно-практической конференции 

«Наука и инновация современных условиях Узбекистана». (20 мая), 

Нукус-2020. - С. 84. 

25. Ахмаджонов И.Л., Адизова Н.З., Кулдашева Ш.А., Адизов Б.З. Cho‘l 

hududlari ko‘chma tuproq va qumlarining struktura-sorbsion xususiyatlariniva 

ularning mustahkamlovchi kompozisiyalar tanlashga ta`siri // Академик А.Ғ. 

Ғаниевнинг 90 йиллигига бағишланган «Аналитик кимё фанининг 

долзарб муаммолари» мавзуcидаги VI - Республика илмий-амалий 

анжумани материаллари тўплами. Tермиз (24-26 апрель) -  2020. -С. 379-

381. 

26. Ахмаджанов И.Л., Адизова Н.З., Абдурахимов С.А., Кулдашева Ш.А., 

Адизов Б.З. Орол бўйи ва Бухоро-Хива регионлари кучма тупрокларини ва 

кумларини котиришда уларнинг сорбцион хусусиятларини ўрганишнинг 

ахамияти // Инновацион техника ва технологияларнинг атроф муҳит 

мухофазаси сохасидаги муаммо ва истикболлари мавзусидаги халкаро 



 
                                                              

                        ISSN: 2776-0979, Volume 4, Issue 12, December, 2023 

97 
 
  

илмий-техник анжумани илмий ишлар туплами. Тошкент (17-19 сентябрь) 

- 2020. - 130-132 бетлар. 

27. Axmadjonov I.L., Аdizova N.Z., Kuldasheva.Sh.A. Тhe effectiveness of the 

combined fixing of mobile soil and sands of the dried Aral Sea  // International 

Symposium on Ecological Restoration and Management of the Aral Sea.Virtual 

symposium. 24-25 November - 2020.  

 

 


