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SUMMARY 

A significant excess of the permissible concentrations limit of nitro- and amino products, 

phenols, mineral salts at the surface and underground waters near the Rubizhne city was 

determined. It is related with the tailings of the aniline enterprise «Rubizhansky Krasitel». 

The sorption method was proposed for the removal organic dyes from «Rubizhansky» waste 

collector wastewater. For this purpose the low-cost materials – clay minerals of the Cherkasy 

deposit of Ukraine montmorillonite (MMT) and palygorskite (PG) were used. MMT and PG 

were modified by quaternary ammonium cation hexadecyltrimethylammonium bromide 

(HDTMA). It was found by the method of low-temperature nitrogen adsorption that the clays 

modification leads to the decrease of the specific surface area. At the same time, the 

micropores are almost completely filled and the structure of the samples is meso- and 

macroporous. It was found that natural MMT and PG are not suitable for the removal of 

organic pollutants from wasterwater, the treatment efficiency is 4.8% and 5.9%, respectively. 

Modification of MMT and PG by HDTMA leads to significant (16-19 times) increase of 

sorption capacity, the purification efficiency is 91.6% and 96.5%. Thus, the modified 

HDTMA clay minerals montmorillonite and palygorskite are promising adsorbents for 

successful wasterwater purification from organic pollutants. 
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Introduction 
 

There are 465 tailings storage facility containing more than 6 billion tons of wastewater from various 

industries in Ukraine [Nikolaieva, 2020]. One of the main tailing repositories is the «Rubizhansky» 

high-mineralized wastewater collector (Figure 1), which is located in the Rubizhne city, Luhansk 

region, 0.7–1.4 km from the Siverskyi Donets River. «Rubizhansky» wastewater collector is the 

tailings storage facility of the chemical enterprise «Rubizhansky Krasitel», which produced dyes, 

bleaches, synthetic resins, plant protection products, plasticizers, and pigments. 

 

 
 

Figure 1 Scheme of «Rubizhansky» waste collector [Nikolaieva, 2020] 

 

This collector contains heavily polluted, colored industrial wastewater, which consist of aromatic 

sulfonic acids, nitrobenzene, chlorobenzene, phenol, mineral salts and other substances. Therefore, 

surface and underground waters in the Rubizhne city are exposed to salt, ammonium, and phenolic 

pollution with exceeding the maximum permissible concentrations by ten times [Stan pidzemnych vod 

Ukrainy, 2021] and stand at risk of not achieving environmental goals [Nikolaieva, 2020]. 

 

Since 2014 due to financial predicament, the «Rubizhansky Krasitel» enterprise has almost stopped its 

activities and has not been monitoring groundwater. In addition, in consequence of Russia's invasion 

of Ukraine and hostilities, emergencies with an emergency impact on the environment may occur at 

the tailing’s storage facility. Thus, sewage treatment is necessary, which ensures substantially 

complete removal and/or destruction of contaminants. 

 
 

Clay-based adsorbents are used in the purification of polluted waters from toxic impurities due to their 

sufficiently high capacity, selectivity, relatively low cost and availability [Gamoudi and Srasra, 

2019]. The adsorption of dyes in cation forms is much greater than in of anion forms because the clay 

minerals are cation exchangers. Intercalation of cationic surfactants to the structure of clay 

minerals leads to improve of their sorption capacity particularly the possibility to remove the 

anionic forms of dyes toxicants. The positively charged bilayer of the surfactant cations is 

formed and in consequence, the sorbent affinity for anions is occurs [Lee and Tiwari, 2012; 

Kausar, 2018; Kovalchuk, 2020]. The aim of the present work was to purify the «Rubizhansky» 

tailings storage facility wastewater from organic pollutants by sorption materials based on the clay 

minerals, as well as to study the effect of the physicochemical characteristics of the natural and 

modified clays on their sorption capacity. 
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Methods 

 

Wastewater was taken from the current sections of «Rubizhansky» waste tailing. Long-term mixing of 

wastewater with each other and tailings replenishment with other types of waste (silt and sand) leads 

to a constant change in their composition. Currently, wastewater has a pH=4, a thick dark brown color 

and a large amount of suspended particles.  

 

Natural clay minerals from Cherkasy deposit (Ukraine) montmorillonite (ММТ, 

(Ca0,12Na0,03K0,03)0,18(Al1,39Mg0,13Fe0,44)1,96(Si3,88Al0,12)4O10(OH)2·nH2O) (layer silicate) and 

palygorskite (PG, Mg5Si8O20(OH)2·4H2O) (fibrous silicate) were used as adsorbents. Exchange 

capacity of materials is 1.0 and 0.25 mmol/g for MMT and PG, respectively. Organophilized samples 

of MMT-HDTMA and PG-HDTMA were obtained by modified the surface of MMT and PG with the 

cationic surfactant hexadecyltrimethylammonium bromide (HDТМА, (C16H33)N(CH3)3Br, Sigma-

Aldrich). The ratio surfactants: exchange capacity consist 5:1 [Kovalchuk, 2020]. 

 

The content of total organic carbon (TOC) was determined by the conventional combustion catalytic 

oxidation method on the Shimadzu TOC-V CSN device. The porous structure of the clay materials 

was studied by low-temperature adsorption of nitrogen on a NOVA 2200 surface gas analyzer 

(Quantachrome, USA). The specific surface area (Ssp, m
2
/g), the pores volume (V, cm

3
/g), the pores 

radius (r, nm), and the size distribution of the pore volumes (dV/d log (r)) were calculated by the BET 

and BJH methods using AsiQ 3.0 software. 

 

The wastewater was centrifuged before sorption treatment to remove suspended particles. The 

sorption experiments were carried out under static conditions in a thermostatic cell at 25°C with 

continuous shaking of the samples for 4 h with a 1 g sample of the sorbent with 25 mL of the 

wastewaters (solid:liquid=1:25). The solution optical density was determined using a Shimadzu UV-

2450 spectrophotometer (Japan) in quartz cuvettes (l=10 mm) at =224 nm. Removal efficiency of 

organic substances (%) was calculated by the differences of the solutions initial optical density (D0) 

and optical density after the adsorption equilibrium establishment (Da) using the following equation: 

Removal efficiency, %=(D0−Da)D0*100. 

 

Results and Discussion 

 

The successful modification of MMT and PG with cationic surfactant (HDTMA) is confirmed by the 

physicochemical characteristics of the materials (a change in the -potential sign of the particles in the 

entire pH range (from -65 to 55 mV), an increase in the basal reflex on the MMT-HDTMA 

diffractograms (from 1.23 nm to 2.81 nm), the appearance of characteristic bands (at 2920 cm
-1

 and 

2850 cm
-1

) in the IR spectra of surfactant modified samples and an increase in particle size) 

[Kovalchuk, 2020]. 

 

Isotherms of nitrogen adsorption-desorption for MMТ and PG belong to the II type isotherms with 

hysteresis loop type H3 in accordance with classification IUPAC [Sing, 1985] (Figure 2, a-b). The 

presence of the hysteresis loop on isotherm in the medium and high pressure, as well as a sharp rise in 

the isotherm at a pressure P/Po>0.9 indicates that the structure of PG sample is made from meso- and 

macropores. In the adsorption/desorption isotherms of nitrogen on the sample of MMT observed 

expansion of the hysteresis loop, which indicates a decrease in the number of macropores and 

increasing the proportion of mesopores in the total pore volume. 

 

Modification of MMT samples leads to a decrease in the material specific surface (Table), which is 

caused by almost complete filling of micropores with HDTMA molecules, i.e., blocking the access of 

nitrogen molecules to these pores. As a result, hysteresis is observed on the adsorption isotherm at 

low pressures (Р/Ро<0.4) (Figure 2, a). The difference values of the specific surface area of the PG-
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HDTMA and MMT-HDTMA samples obtained by the BET and BJH methods proves the presence of 

macropores in the structure of these samples (Table). 
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Figure 2 Adsorption/desorption isotherms of nitrogen on samples of MMT (●), MMT-HDTMA (■), 

PG (▼), PG-HDTMA (◄) clays 

 

Таble Characteristics of the porous structure 

Аdsorbent Ssp.(BЕТ), 

m
2
/g 

Ssp.(BJH), 

m
2
/g 

Vtot. (BЕТ), 

sm
3
/g 

Vmeso
 
(BJH), 

sm
3
/g 

Micro- 

porous, % 

raver.
 
(BЕТ), 

nm 

PG 213.0 153.8 0.51 0.47 7.8 4.8 

МMТ 89.1 39.5 0.08 0.05 37.5 1.8 

PG-HDТМА 65.1 100.3 0.35 0.37 0 10.9 

MMT- HDТМА 2.3 2.8 0.017 0.016 0.06 15.0 

 

The narrow peak (r=1.5−3.0 nm) for the MMT and MMT-HDTMA samples indicates to narrow pore 

volume distribution by size (Figure 3, a). PG and PG-HDTMA are at the most cases the coarse-pores 

materials with the average pore size of ≈10.0 nm (Figure 3, b). 
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Figure 3 Differential size distribution curves of the pores (BJH method) on samples of MMT (●), 

MMT-HDTMA (■), PG (▼), PG-HDTMA (◄) clays 

 

The TOC content in the wastewater before treatment is 1130 ppm at a 1000-fold dilution. The 

removal efficiency for initial MMT and PG samples is negligible and consist 4.8 % and 5.9 %, 

respectively. It is obviously, that pollutants in anionic forms are not adsorbed on the clay minerals. 
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Surface modifiсation of layer silicate montmorillonite and fibrous silicate palygorskite was performed 

using the cationic surfactant hexadecyltrimethylammonium bromide (HDTMA) at a ratio of 

surfactants: exchange capacity 5:1 (this ratio practically corresponds to the critical concentration of 

micelle formation as for MMT so PG). Considering the high degree of surface coverage of the 

surfactant and the mosaic nature of the surface filling, the formation of a double layer of surfactant – 

hemimicelles can assume [Kovalchuk, 2020]. 

 

It is known that the adsorption of dyes depends on the pH of the solution – the effectiveness of 

removal the anionic dye at acid range of pH is defined electrostatic interaction between the positive 

surface charge of the sorbent material and anionic dye [Kausar, 2018]. The wastewater from 

«Rubizhansky» tailings storage facility (pH 4) treatment efficiency by modified MMT-HDTMA and 

PG-HDTMA samples is significantly higher compared to natural clays and consist 91.6 % and  

96.5 %, respectively. The high purification efficiency is explained by the binding of anionic organic 

pollutants with the positively charged surface of modified clay minerals. So, the organophilization of 

clay minerals is the effective method for sorption removal of negatively charged dyes from 

wastewater.   

 

Conclusions 

 

Sorption materials on the base of clay minerals were used for removal dyes from wastewater of 

«Rubizhansky» tailings storage facility. Modification the clays surface by cationic surfactants 

hexadecyltrimethylammonium bromide leads to forming the positively charged bilayer of the 

surfactant cations and an increase in the macropores proportion in the adsorbents structure. It was 

shown that unmodified clays had no affinity to negative charged dyes while samples of HDTMA-

modified montmorillonite and palygorskite had significant removal ability of organic pollutants from 

wastewater. So, the modified clay minerals are low-cost sorbents for successfully removal of dyes 

from wastewater. 
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