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Аннотация: В данной работе изучены коллоидно-химические свойства адсорбции ионов 

некоторых тяжёлых металлов (Si, Co, Sr, Fe, Zn, Ni) в водных ресурсах сорбционными 
материалами, полученными путём модификации каолина марок АКС-30 и АКС-70, являющегося 
местным сырьем нашей республики. 
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Аннотация: Мазкур тадқиқот ишида республикамиздаги маҳаллий хом ашё ҳисобланган 
каолинни минералининг АКС-30 ва АКС-70 маркали хилларини модификация қилиш орқали 
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(Si,Co,Sr,Fe,Zn,Ni) адсорбцияланишини коллоид -кимёвий хоссалари ўрганилган. 
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Introduction. Currently, adsorbents are widely used worldwide to separate organic substances 

from wastewater. Therefore, it is of great importance to study the physicochemical and sorption 
properties of sorbites with magnetic properties [1-3]. The process of adsorption of organic substances 
from aqueous solutions depends on the nature and degree of porosity of the surface of the adsorbent 
sorbites [4]. Based on this, the creation of new types of composite adsorbents using local raw materials 
and industrial wastes, their morphology and molecular structure, physicochemical properties, and sorption 
mechanisms are studied using modern analytical methods [1-4]. According to the table, sorbitols showed 
that it is possible to effectively remove heavy metal ions from wastewater in the range of 93-98.0% 
compared to the amounts allowed by the state standard. 

Table 1. Efficiency of purification of certain heavy metal ions from aqueous solutions (E,%) 

Metal ions 
Initial 

concentration (Cn), 
mg/dm3 

Concentration during 
equilibrium (Cp), 

mg/dm3 
Е, % 

REK (PDK), 
mg/dm3 

 
Fe (II) and Fe 

(III) 
1,19 0,02 98,3 0,3 

Cu (II) 4,40 0,16 96,4 1,0 
Zn (II) 0,65 0,05 92,3 5,0 
Ni (II) 0,85 0,08 93,0 0,1-0,2 

The adsorption isotherm of heavy metal ions (Cu2+, Zn2+, Cr6+, Ni2+) in aqueous solutions by 
modified kaolin sorbent materials is presented in Figure 1. 
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  Figure 1. Adsorption isotherm of heavy metal ions (Cu2+, Zn2+, Cr6+, Ni2+) by modified 
kaolin sorbents (according to the Langmuir model):1-Cu2+, 2-Zn2+, 3-Cr6+, 4-Ni2+. 

The effect of temperature (in the range of 293-313 K) on the adsorption of metal ions by sorbents 
based on modified kaolin was studied. (Fig.2). In the experiments, the concentration of ions was varied 
from 0.05 to 0.5 mg/l. The results obtained showed that the adsorption of Cr6+, Cu2+ and Zn2+ ions was at 
a high level in the temperature range of 293-308 K. However, a decrease in sorption efficiency was 
observed when the temperature increased from 308 to 318 K. This phenomenon is associated with an 
increase in the kinetic energy of molecules, which accelerates the movement of ions and leads to 
increased diffusion into the active centers and pores of the adsorbents. 

 
Fig. 2. Isotherm of adsorption of chromium ions by sorbents AKS-30 and AKS-70 (process 

temperature 298-318 K). 
The isotherm of the adsorption of Cu2+ ions by modified sorbents AKS-30 and AKS-70 was studied 

using the Freundlich, Langmuir, and Dubininа-Radushkevich models (Table 1). 
In the literature, the value of E is emphasized as a criterion for evaluatingthe type of adsorption 

process. If the value of E is greater than 16 kJ/mol, the adsorption is chemisorption. If the value of E is 
less than 8 kJ/mol, it corresponds to a physicaladsorption process. If it falls within the range of 8-16 
kJ/mol, it indicates that ion exchange adsorption is occurring. The values of the Dubininа-Radushkevich 
model constants for Cu+2 ion asorption isotherms on AK, AKC-30 AK and AKC-70 are presented in table 
2.  

Table 2. Indicators of Cu+2 ion adsorption on adsorbents based on Freundlich, Langmuir and 
Dubininа-Radushkevich isotherm models 

Adsorbtion 
Izotherm Models 

Parametrs 
Adsorbents 

AK AKC-30 AKC-70 

Langmuir 

qmax (mg/g) 0,206 0,238 0,339 
KL (L/mg) 0,056 0,081 0,171 

RL 0,261 0,197 0,104 
R2 0,997 0,998 0,999 

Freundlich 

KF (1/mg) 0,163 0,291 0,249 
1/n 0,836 0,789 0,650 
n 1,196 1,267 1,538 
R2 0,917 0,964 0,947 

Dubinin-
Radushkevich 

qm (mg/g) 4,362 4,886 5,114 
d (mol2/kJ2) 1,23·10-4 1,86·10-5 3,09·10-6 
E (kJ/mol) 34,4 56,9 65,4 

R2 0,834 0,881 0,865 
It is based on the assumption that the heat of adsorption of all molecules in the layer decreases 

linearly due to an increase in the surface coverage of the adsorbent. The decrease in the heat of adsorption 
is linear, not logarithmic, as in the Freundlich isotherm. The adsorption isotherms of Cu+2 ions on AK, 
AKC-30 and AKC-70 adsorbents are presented in the table below. Based on the conducted research, the 
correlation coefficients in the Langmuir model were more accurately described than in the Freundlich and 
Dubinin-Radushkevich models. 
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 According to Langmuir`s model, the adsorption capacity (qmax) of adsorbents in AK is 0,206; 
0,235 - in AKC-30; 0,239 mg/g - in AKC-70.  

 Conclusion. Based on the conducted studies, the Langmuir model provided a more accurate 
description of Cu+2 ion adsorption compared to the Freundlich and Dubininа-Radushkevich models. The 
adsorption capacities (qmax) of the synthesized adsorbents were detrmined to be 0,206 mg/g for AK, 
0,238 mg/g for AK-30 and 0,339 mg/g for AKC-70 Cu+2 ion adsorption values were found to be 0,291 
mg/g for AK 0,184 mg/g for AK-30 and 0,188 mg/g for AKC-70.  
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Аннотация: В данной работе изучена инновационный метод процесса адсорбции с 

применением модифицированного адсорбента марки АКС-30 и АКС-70 органических веществ 
(толуола, бензола, нитробензола и пиридина) из водных растворов. На основе полученных 
результатов рекомендован метод адсорбционной очистки промышленных сточных вод от 
органических загрязнений. 

Ключевые слова: модификация, адсорбент, сорбция, органические вещества, энергия 
взаимодействия, пористые структуры, степень заполнения поры, изотерма адсорбции, уравнение 
Дубинина - Радушкевича. 

 
ОРГAНИК МОДДAЛAРНИНГ СУВЛИ ЭРИТМAЛAРДAН ЎЗГAРТИРИШ 

СОРБЕНТЛAР БИЛAН AДСОРБЦИЯСИ ИЗОТЕРМAЛAРИ 
 

Бобоев Одил Обиджон ўғли  
ТКТИ докторанти 

Шавкат Пайзиевич Нуруллаев 
ТКТИ «Кимё» кафедраси профессори 

Икром Рўзматов  
Жиззах шаҳридаги ҚФУ филиали профессори 

Хандамова Дилноза Кенжаевна 
ТКТИ кимё кафедраси ассистенти 

Зухрихон Саитдходжаевна Aлихонова 
ТКТИ «Кимё» кафедраси доценти 

 


