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DETERMINATION OF THE INFLUENCE 
OF BASIC PARAMETERS ON THE 
SOLVENT SUBLATION OF ANIONIC DYE

The object of research is wastewater contaminated with anionic dyes. Traditional methods of wastewater treatment 
from dyes are imperfect and inefficient or non-existent. Therefore, the need to develop and implement effective and 
inexpensive to use and operate dye removal technologies is important. The biggest problem in dye removal is when 
large volumes of low concentration wastewater have to be treated. To purify just such effluents, a combined method, 
solvent sublation, has been proposed. It combines flotation and extraction methods and has the benefits of both. The 
essence of the method is the passage of gas bubbles through the aqueous phase and the transport of a hydrophobic 
complex (sublate) formed by a dye and a surfactant into the organic phase. The study used imitates of wastewater 
contaminated with an anionic dye, active bright blue in the concentration range of 5–50 mg/dm3. The influence 
of the main parameters on the degree of dye removal was studied: the pH of the initial solution, the molar ratio of 
surfactant: dye, the size of air bubbles, the gas flow rate, the initial concentration of the dye, the duration of solvent 
sublation. Rational parameters of the process have been established, which are advisable to use in solvent sublation:

– purification process must be carried out in the presence of a cationic collector hexadecyltrimethylammonium 
bromide;

– extractant – isoamyl alcohol;
– molar ratio Dye: surfactant = 1:1.5;
– pH 5.5;
– generation of gas bubbles by a Schott filter with a porosity of 40 µm;
– gas flow rate – 127 cm3/min.
Under such conditions, the removal efficiency of active bright blue is 97 % at a process time of 10–25 min. 

The results obtained confirm the promise of the proposed method for the effective removal of dyes from low-
concentration aqueous solutions. The method has a number of advantages: it requires a small amount of extractant 
compared to liquid extraction; ions are concentrated in small volumes of an organic solvent; the process proceeds 
without phase mixing, so no emulsions are formed.
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1.  Introduction

Pollution of water areas is an important environmental 
problem on a global scale. Therefore, the issue of purification, 
regeneration and disposal of wastewater is very acute. Among 
the many pollutants, special attention should be paid to dyes, 
since most of them are toxic and dangerous to the environment.

Getting into the environment with wastewater, dyes not 
only violate the quality of water and the aesthetic percep-
tion of the aquatic environment, but also have a negative 
impact on the vital activity of ecosystems and the processes 
of self-purification of water bodies. Some dyes are almost 
not subject to biochemical degradation and remain in the 
environment for a long time [1].

The main sources of pollution with dyes are enterprises 
of the light, chemical, pulp and paper and pharmaceutical 

industries, since a significant proportion of these enterprises 
discharge waste water into water bodies without prior 
treatment. The annual volumes of environmental pollution  
with dyes are only increasing, as their production is also 
growing, which, according to preliminary estimates, is about 
1 million tons/year [2].

The textile industry is the biggest consumer of high 
quality water. The water consumption rate is 100–200 liters 
of water per kilogram of textile. Therefore, as a result of 
various processes, significant volumes of polluted water 
enter the reservoirs. Considering the annual production 
of 40 million tons of textile fibers, wastewater discharge 
is estimated at more than 4–8 billion m3/year [3].

The imperfection of existing technologies for the treat-
ment of wastewater contaminated with dyes necessitates 
the search for such methods that would make it possible to  



CHEMICAL ENGINEERING:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

18 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 2/3(64), 2022

ISSN 2664-9969

purify these waters to the maximum permissible con-
centration (MPC) (0.05–0.5 mg/dm3). Such an actual 
method of water purification is solvent sublation. Solvent 
sublation is a combined method for extracting pollutants 
from an aqueous medium due to their adsorption on the 
surface of small gas flow bubbles that move up, cross the 
water-extractant phase distribution boundary, and then 
concentrate in an organic solvent layer on the surface 
of the aqueous phase.

2.   The object of research and its 
technological audit

The object of research is wastewater contaminated with  
anionic dyes. Namely, active bright blue (C23H12Cl2N6Na2O8S2). 
It is a water soluble dye. The water solubility of active 
dyes determines the sulfo group in the form of a sodium 
salt, the ability to chemically interact with the fiber is 
provided by various reactive groups. Due to their high 
durability and brightness, active dyes are widely used in 
printing and dyeing of cellulose fibers, natural silk and wool, 
and, to a lesser extent, polyamide fibers. Most active dyes 
are azo dyes. Active dyes are used to dye fibers containing 
a hydroxyl or amino group, with which the dye molecules 
enter into a chemical reaction, which leads to the formation 
of a color that is resistant to wet processing and abrasion. 
These fibers include cellulose, protein and polyamide. The 
choice of active dyes for research is due to the fact that 
they are widely used and therefore create a large amount 
of effluents that require purification.

The analysis of scientific and technical sources indi-
cates that in modern conditions of painting and finishing 
enterprises, it is most expedient to use local purification 
immediately after the process of dyeing and washing tex-
tile materials. This will not only reduce the volume of 
wastewater, but will help to reuse wastewater after the 
treatment process in production [4].

3.  The aim and objectives of research 

The aim of research is to study the influence of the 
main parameters of solvent sublation on the efficiency of 
removing the anionic active bright blue dye from model 
aqueous solutions that simulate wastewater.

To achieve the aim, the following objectives must be 
completed:

1. Experimentally select a cationic surfactant and  
an extractant that provide the maximum degree of dye 
removal.

2. Investigate the dependence of the degree of dye 
removal on the surfactant concentration, i. e. from the 
molar ratio Dye:Surfactant.

3. Find out the effect of bubble size, gas flow rate and 
pH value of the initial solution on the degree of dye removal.

4. Set the change in the degree of dye removal from 
its initial concentration.

4.   Research of existing solutions   
of the problem

To date, there is a wide range of technologies for waste-
water treatment from dyes, involving their destruction or 
removal. They differ from each other in terms of economy, 
environmental friendliness and efficiency. Three categories 

of methods for removing dyes from the aquatic environ-
ment are common:

1) physical (sorption, membrane separation, ion ex-
change, radiation exposure);

2) chemical (coagulation and flocculation, oxidation: 
ozonation, photochemical reactions; electrochemical co-
agulation);

3) biological treatment [5].
Since synthetic dyes in wastewater cannot be removed 

with high efficiency by traditional methods, the adsorp-
tion of synthetic dyes on inexpensive and effective solid 
carriers is considered as a simple and economical way to 
remove them from water and wastewater. The distinctive 
adsorption properties of carbon-based substances have been 
used to decolorize dyes in industrial effluents [6]. The ef-
fectiveness of different types of charcoal was comparable 
for the removal of basic red 22 and acid blue 25 from 
textile production effluents. The data indicate that results 
obtained with fruit charcoal, pine and chestnut were better 
than those obtained with beech and oak charcoal [7, 8]. 
The process of adsorption on the surface of carbonized soil 
has been studied. Basic blue 3, methylene blue, acid blue, 
and reactive yellow 2 were adsorbed on this sorbent [9]. 
Good sorption characteristics of sulphated coal for the 
removal of synthetic dyes have also been demonstrated [10].

Adsorption methods have some disadvantages. Since 
adsorption processes are generally not selective, other waste-
water components may also be adsorbed, and competition 
between adsorbates may affect the ability of sorbents to 
bind to dyes. In addition, the adsorption process removes 
synthetic dyes from wastewater, concentrating them on the 
surface, keeping their structure virtually unchanged. When 
regenerating the sorbent, a concentrated dye solution is 
obtained, which is a problem that cannot be properly solved.

Hydrogen peroxide is often used to bleach synthetic 
dyes in aqueous solutions. It can effectively purify waste-
water from contaminants in the presence of Fe (II) sulfate 
with higher discoloration rates at higher concentrations of 
reagents [11]. Not only an iron catalyst was used, but also 
an ultraviolet (UV)/H2O2 oxidation process was used to 
decolorize reactive black in textile wastewater [12]. Iron 
powder and hydrogen peroxide are used in combination to 
decolorize Reactive Red 120, Direct Blue 160, and Acid 
Blue 40 in aqueous solutions. The orange azo dye II was 
efficiently mineralized by iron and hydrogen peroxide, while 
pH has a significant effect on the decomposition rate [13].

The use of microorganisms for the biological purifica-
tion of synthetic dyes is an attractive method in operation. 
However, the biological mechanisms can be complex. A large 
number of species have been tested for decolorization and 
mineralization of different dyes. However, most of these com-
pounds are chemically stable and resistant to the action of 
microorganisms. The study of new strains or the adaptation 
of existing dyes to the schedule is likely to increase the 
efficiency of dye biopurification in the near future.

The use of microorganisms to remove synthetic dyes 
from industrial wastewater has significant advantages. The 
process is relatively inexpensive, operating costs are low, and 
the end products of complete mineralization are non-toxic.  
Various aspects of the microbiological degradation of syn-
thetic dyes were previously considered [14]. In addition 
to traditional wastewater treatment technologies, other 
methods are used in the microbiological purification of dyes.  
For example, an active sedimentation process has been de-
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veloped to remove methyl violet and rhodamine B from ef-
fluents using microorganisms obtained from livestock rot [15].

Coagulation is the most common traditional cleansing 
method. During coagulation, flakes of colloidal size are formed, 
their electrical charge promotes repulsion and thus prevents 
their aggregation. During coagulation, an additional chemical 
load is placed on the wastewater, which increases the produc-
tion of sludge and leads to incomplete removal of the dye.

The possibility of using a new coagulant-flocculant 
based on tannin for the treatment of surface and textile 
wastewater was tested [16]. The efficiency of water purifi-
cation was noticeable in all cases, and filtration improved 
the removal of flocculation and the reduction of turbidity. 
For wastewater from the textile industry, about 95 % dye 
removal has been achieved.

Red mud, a by-product of bauxite processing by the Bayer 
process, has been investigated for its latest applications in gas 
and wastewater treatment [17]. The study showed promising 
results using red mud as a coagulant and adsorbent for both 
cases, as well as a catalyst for some industrial processes.

Decolorization of wastewater containing dyes using 
a mineral coagulant has been substantiated [18].

Adsorption separation methods such as ionic flotation and 
adsorption colloidal flotation have provided efficient remo-
val (about 99 %) of the direct blue dye from wastewater [19].

Auramine O (basic yellow), a cationic dye, was recovered 
from wastewater by ionic flotation of the auramine-sodium 
lauryl sulfate complex. More than 98 % of the auramine 
was removed from the solution after 15 minutes [20].

Almost all available methods of wastewater treatment 
from dyes have certain shortcomings. Physical methods 
provide a high degree of wastewater treatment, however, 
they require preliminary mechanical and chemical treatment 
in order to remove insoluble impurities that are complex 
in instrumentation and have a high cost of treatment. The 
disadvantages of chemical methods are the low degree of 
purification, especially discoloration, the need to dispose 
of waste water treatment and their dehydration. When 
implementing destructive methods, when using these me-
thods, an irretrievable loss of valuable components occurs.

All this necessitates the development and implementation 
of efficient and at the same time inexpensive to implement 
and operate technologies for wastewater treatment from dyes.  
The search for new, more advanced and cost-effective me-
thods that allow not only to remove dyes from waste water, 
but also to regenerate expensive components, is one of the 
main directions in the development of wastewater treat-
ment technology.

One such purification method is the solvent sublation 
method. The essence of solvent sublation purification can 
be explained as follows. A collector (surfactant) is added 
to polluted water to form a sublate, a poorly soluble hy-
drophobic compound [21–23]. The rate of saturation of 
the aqueous phase with gas bubbles is less than in ionic 
flotation. But this is a necessary condition in order to 
avoid ruptures of the organic layer. At the bubble-liquid 
interface, the hydrophobic compound is adsorbed, and then 
transferred to the surface of the water column for removal. 
Initially, solvent sublation was limited to use only for the 
removal of various metal ions from an aqueous medium. 
The gradual introduction of this technology allowed ex-
panding the limits of its use: this method was chosen for 
the removal of various dissolved organic compounds and 
the purification of a fleet of hydrophobic liquids [24]. 

At the present stage of development of water treatment 
technologies, solvent sublation is used in bioengineering 
and bioseparation, for analytical analyzes of water bodies, 
in the treatment of wastewater contaminated with organic 
and inorganic pollutants.

When analyzing the literature on the process of waste-
water treatment by the solvent sublation method, a lack 
of information was found on certain parameters of the 
process, such as the influence of the acidity of the medium, 
the duration of the process, and the choice of the optimal 
extractant. These parameters are determined by the type 
of dye and may vary [25]. Therefore, there is a need for 
further research on this type of wastewater treatment.

5.  Methods of research

The process of removing dyes from wastewater by 
solvent sublation was studied on the example of model 
solutions of the active bright blue (ABB) dye. Collectors 
and extractants were experimentally determined.

The main characteristic of the process was the degree 
of removal X – the ratio of the difference between the 
initial and residual concentrations to its initial concen-
tration in percent:

X
C C

CD
D in D res

D in

=
−

⋅100 %,

where ХD – degree of dye removal; СD in – the initial 
concentration of the dye, mg/dm3; СD res – the residual 
concentration of the dye in the test solution, mg/dm3.

The research and description of the laboratory unit 
are presented in previous works [26–28].

6.  Research results

6.1.  Collector  selection.  Active bright blue in aqueous 
solutions is in the anionic form. The corresponding ionogenic 
surfactants, hexadecyltrimethylammonium bromide (HTAB) 
and hexadecylpyridinium bromide (HPB), were chosen to 
neutralize the anion charge and form a sublate. The results 
are shown in Fig. 1.
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Fig. 1. Dependence of the degree of removal of active bright blue  
on the ratio of Surfactant:Dye

From the above dependence it can be seen that when 
using both surfactants in the ratio of Dye:Surfactant = 1:1.5, 
high degrees of pollutant removal are achieved – more 
than 90 %. However, in all cases, the purification efficiency 
with HTAB is higher, so this surfactant was chosen as 
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a collector for the removal of bright blue. For a more 
detailed study of the effectiveness of the use of the se-
lected surfactant, a series of experiments was carried out 
and the change in the degree of removal of the dye over 
time was studied for various ratios of the Dye:Surfactant. 
Studies were conducted for a ratio of 1:0.5; 1:1; 1:1.5; 1:2. 
An additional experiment was also carried out without 
adding a collector – a blank experiment. The results are 
presented in Fig. 2.

0

20

40

60

80

100

0 30

Х
, %

10 20
Process duration, min.

1:0.5
1:1
1:1.5
1:2

Blank

Dye:Surfactant

Fig. 2. Change in the degree of removal of active bright blue in time 
depending on the ratio of Dye:Surfactant

According to the results of the experiments, it was 
found that the highest degree of removal of active bright 
blue is achieved at a molar ratio of Dye:Surfactant = 1:1.5, 
that is, 1.5 mol of hexadecyltrimethylammonium bromide 
must be given per 1 mol of dye. With this ratio, the pu-
rification efficiency is already after 10 minutes is 97 %. 
When using other molar ratios, the efficiency of pollutant 
removal is lower. In the case of lower molar ratios, this 
can be explained by the fact that there is an incomplete 
formation of the ionic associate of the Dye:Surfactant due 
to the lack of a collector. However, in the case when the 
excess of surfactant is 2 and 2.5 times greater, the degree 
of removal is also reduced, since there is a competition of 
the excess amount of collector with the hydrophobic com-
plex of the Dye:Surfactant for a place on the gas bubble.  
An excess amount of surfactant also leads to the emulsifi-
cation of isoamyl alcohol, as a result of which the sublate 
from the organic phase partially returns back to the aque-
ous phase, and, as a result, re-contamination occurs [21].  
However, theoretically, for solvent sublation of active bright 
blue, the molar ratio of Dye:Surfactant = 1:2 should be 
used, since the binding of the pollutant to the collector 
is carried out due to two sodium atoms. In fact, this is 
not confirmed. Taking this into account, solvent subla-
tion was carried out without the addition of surfactants 
and it was found that under such conditions more than 
16 % of the dye is removed. Perhaps this explains that 
for this process, 1 mol of dye requires the formation of 
an ion associate of 1.5 mol of surfactant.

6.2.  Extractant  selection.  The effect of the nature of 
the organic phase on the efficiency of solvent sublation 
with the following extractants was studied in the work: 
polar: octanol, hexanol, butanol, isobutyl alcohol, isoamyl 
alcohol; non-polar: heptane, isooctane; ether: isoamyl acetate.  
The results are shown in Fig. 3.

When using polar solvents as an extractant, higher 
degrees of dye removal are observed compared to heptane, 

isooctane, and isoamyl acetate; most likely, the ABB-HTAB  
complex is poorly soluble in nonpolar solvents and ethers. 
It should also be noted that during the purification pro-
cess, when using isooctane and heptane, strong foaming 
occurs above the organic layer, and the solvent itself 
remains colorless, i. e. the formed ion associate does not 
enter the organic phase. The purification efficiency with 
the use of isoamyl acetate is also low: in this case, a thin 
layer of colored foam forms over the organic phase, and 
the extractant itself becomes cloudy, which may indicate 
emulsification. Such processes are undesirable in solvent 
sublation.In general, there is a tendency that the purifica-
tion efficiency when using octanol, hexanol, butanol and 
isobutyl alcohol does not reach its maximum. The best 
removal of active bright blue is observed after 20 min of 
solvent sublation – from 84 to 94 %.
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Fig. 3. Changing the degree of removal of active bright blue in time 
depending on the extractant

Butanol and isobutanol are impractical for extract-
ing the sublate: already after 20 min of carrying out 
the process, the height of the organic layer decreased by 
2.5–3 times. These alcohols dissolve quite well in wa-
ter (Sbut. = 7.9 g/100 cm3 H2O; Sisobut = 8.5 g/100 cm3 H2O) 
due to the rather strong polarization of their molecules 
due to the OH group. This makes them unsuitable for 
use as extractants in wastewater treatment by solvent  
sublation.

Therefore, from the dependences obtained, it can be 
concluded that isoamyl alcohol is the best extractant for 
these conditions. It provides over 97 % removal of active 
bright blue. This can be explained by the fact that the 
resulting dye-surfactant complex is the most lipophilic to 
this solvent, so it dissolves better in it.

6.3.  Dependence  of  the  degree  of  dye  removal  on  the 
process  duration.  The efficiency of removing the active 
bright blue dye was studied depending on the process 
duration. The experiments were carried out in the time 
interval of 1–25 min. The results are presented in Fig. 4.

It can be seen from the above dependence that 37 % 
of the dye is removed during the first minute of solvent 
sublation. In the time interval 1–10 min intensive pu-
rification takes place and, accordingly, the degree of re-
moval of active bright blue increases sharply. The rational 
time for the process is 10 minutes. This provides over 
97 % of the pollutant removal. With further continuation  
of solvent sublation, the efficiency of dye removal increases 
within 0.5 %.
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Fig. 4. Change in the degree of removal of active  
bright blue over time

6.4.  Effect of gas bubble size on degree of dye removal. 
One of the most influential parameters of the solvent 
sublation process is the bubble size of the gas stream. 
In a series of experiments, the effect of the pore size of 
the Schott filter on the efficiency of active bright blue 
removal over time was investigated. Filters with poro sity 
of 40, 100, and 160 µm were studied. The research results 
are presented in Fig. 5.
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Fig. 5. Effect of gas bubble size on degree of dye removal

The best way to effectively remove active bright blue 
is to use a Schott filter with a porosity of 40 µm. From 
the dependences obtained, it is noticeable that when us-
ing Schott filters with a porosity of 100 and 160 µm, the 
purification efficiency is much worse. During the optimal 
time duration of dye removal (10 min), the process does 
not reach its maximum. If to analyze the experimental 
data in the time interval of 15–25 min, the degree of 
purification is also lower compared to the results when 
using a Schott filter with a porosity of 40 µm.

According to literature sources [22], a decrease in the 
size of gas bubbles has a positive effect on the efficiency 
of solvent sublation, since the area of the interfacial sur-
face increases. It also increases the transit time of the 
bubbles through the aqueous phase due to the reduction 
in their rate of rise.

6.5.  The  effect  of  medium  pH  on  degree  of  dye  re-
moval.  The nature of the effect of the pH of the aqueous 
medium on the process of solvent sublation purification 
of active bright blue was studied.

The results are shown in Fig. 6.
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Fig. 6. Effect of medium pH on removal degree

The study was carried out in the pH range of 2–11. 
The pH of the initial dye solution is 5.5. Fig. 6 shows 
that after 10 min in a highly acidic environment (pH 2), 
only 86 % of the dye is extracted. In the pH range of 
3–8, the best results are observed, the purification ef-
ficiency is 95–97 %. In the area of alkaline pH, solvent 
sublation purification deteriorates, and at pH 11 it is 
only 85 %. Fig. 6 shows the dependence of the degree 
of dye purification on pH over time.

A detailed study of this factor shows that the change 
in pH partially affects the efficiency of solvent sublation 
of active bright blue over the entire period of time.

Since the best results were observed at the initial pH 
of the aqueous solution of the dye, further studies were 
carried out precisely in this pH range without correction 
by extraneous solutions.

6.6.  Dependence  of  purification  efficiency  on  the  initial 
dye  concentration.  The dependence of the degree of dye 
removal on its initial concentration over time was studied.  
The results are presented in the Table 1 and Fig. 7.

Table 1
Effect of initial concentration on removal degree

Process 
duration, 

min

Initial concentration of active bright blue Сin, mg/dm3

5 10 20 25 50

Сin, mg/dm3 Х, % Сres, mg/dm3 Х, % Сres, mg/dm3 Х, % Сres, mg/dm3 Х, % Сres, mg/dm3 Х, %

5 0.98 80.40 0.89 91.09 2.98 85.10 7.36 70.57 39.21 21.58

10 0.54 89.11 0.39 96.14 2.43 87.87 6.19 75.25 34.66 30.68

15 0.53 89.31 0.40 96.04 1.89 90.54 2.89 88.44 17.71 64.58

20 0.54 89.11 0.40 96.04 1.28 93.61 1.60 93.58 5.43 89.14

25 0.54 89.11 0.39 96.14 0.84 95.79 0.89 96.44 1.44 97.12
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Fig. 7. Effect of initial concentration on the degree of removal

Fig. 7 shows that with a duration of 10 min the removal 
of active bright blue with a concentration of 5.20–50 mg/dm3  
does not reach its maximum. With a 25-minute purifica-
tion, a purification degree of about 93 % is achieved in all 
cases. If to analyze the experimental data over the entire 
time interval, then the maximum degree of purification is 
observed when the dye is extracted with a concentration of 
50 mg/dm3 for 25 min. However, in this case, the criterion 
for evaluating the effectiveness should not be the degree 
of removal, but the residual concentration of the pollutant.  
Comparing the data from the Table 1 it can be seen that 
after 25 min of solvent sublation of a dye solution with 
a concentration of 10 mg/dm3, the residual content of the 
pollutant is 0.28 mg/dm3, and with a concentration of 
50 mg/dm3 – 1.03 mg/dm3. It can be concluded that for 
efficient purification of aqueous solutions contaminated 
with dyes of higher concentration, the solvent sublation 
time should be increased.

6.7.  Effect  of  gas  flow  rate  on  dye  removal  efficiency.  
A study was made of the dependence of the removal efficiency 
of active bright blue on the gas flow rate in the range of 
65–146 cm3/min. Experimental results are shown in Fig. 8.
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Fig. 8. Effect of gas flow rate on the degree of removal

It was found that the maximum removal of the dye 
occurs at a gas flow rate of 127 cm3/min – in 10 min. 
solvent sublation degree of purification is 97 %. How-
ever, a further increase in the intensity of the gas flow 
to 146 cm3/min leads to a significant decrease in the 
purification efficiency, since in this case the integrity of 
the organic phase and the formed sublate are destroyed. 
Because of this, only a partial removal of the pollutant 
and a reverse transition of the sublate into the aqueous 
phase from the organic is carried out, which leads to 
re-contamination of the treated water. Therefore, it is 

rational to carry out solvent sublation at a gas flow rate 
in the range of 120–130 cm3/min. This solution makes it 
possible to achieve high degrees of purification (more than 
97 %) without destroying the organic solvent layer. With 
a decrease in gas flow (up to 65 cm3/min), the removal of 
the dye is slightly worse, and within 25 minutes of solvent 
sublation, the removal of active bright blue reaches 90 %.

7.  SWOT analysis of research results

Strengths. The strength of this study is that the method 
proposed for removing anionic dyes has the following ad-
vantages:

1. The formed complex/ion associate, being adsorbed 
on the bubbles of the gas flow, passes into the organic 
layer, which is hydrophobic and located on the water 
surface. During the process, there is no mixing of the 
aqueous phase and the extractant, so no emulsions are 
formed during flotation. An exception is considered to be 
the formation of an aqueous phase emulsion in the organic 
layer, however, this emulsion is unstable. It should also 
be noted that in this case, the equilibrium process of sub-
stance transfer occurs only on the verge of separation of 
the water-extractant phases, and not in the entire volume. 
This suggests that the solvent sublation method, unlike 
conventional removal, is a non-equilibrium process and is 
not limited by the equilibrium constant; therefore, it is 
theoretically possible to completely remove the pollutant.

2. The degree of purification of water bodies practically 
does not depend on the ratio of the aqueous phase and the 
extractant, therefore, it allows to work with large volumes 
of polluted effluents in a ratio of 100:1 to the organic phase.

3. Carrying out solvent sublation purification does not 
require complex instrumentation and process control is easy.  
In this case, there is no pressure control, no moving parts, 
and in general the equipment is quite simple in execu-
tion. This greatly simplifies the implementation of this 
technology.

4. The solvent sublation method requires a small amount 
of organic solvent, which is cost-effective. In addition, 
the extract after the process can be regenerated and the 
extractant can be reused.

Weaknesses. The weaknesses of this study are related to 
the fact that all data were obtained on model solutions. But 
real industrial wastewater is a complex multi-component 
system, often with a high salt content. Therefore, the 
dependences obtained should be corrected during imple-
mentation, taking into account the composition of real 
wastewater. Also, the cationic surfactant used in research 
is valuable and quite toxic. Therefore, it would be advis-
able to use some other, more accessible one. Compared to 
conventional flotation, a significant disadvantage of this 
technology is its low productivity. Because the process 
requires a moderate flow of gas flow to avoid the destruc-
tion of the organic layer. To increase productivity and, 
accordingly, the purification efficiency, it is advisable to 
reduce the size of the bubbles and the gas flow.

Opportunities. The implementation of the solvent subla-
tion method of purification from anionic dyes will allow 
not only to purify wastewater to the standards of dis-
charge into the city sewerage system, but also to obtain 
purified water for production needs using local treatment 
systems. That is, to solve not only environmental issues, 
but also to reduce water consumption. In addition, the 
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features of solvent sublation make it possible to regene-
rate the extractant and surfactant, which can improve 
the economic performance of production.

Threats. The solutions proposed in this paper are ex-
perimental in nature. Practical elaboration and justifica-
tion are needed before possible implementation decisions. 
Therefore, the risks are obvious and are associated with 
possible deviations from the obtained dependencies.

8.  Conclusions

1. Cationic surfactant and extractant are experimentally 
selected, which provide the purification process with maxi-
mum efficiency. In the presence of the cationic collector 
hexadecyltrimethylammonium bromide and the extractant 
isoamyl alcohol, the degree of solvent sublation removal 
of the dye is 97 %.

2. The dependence of the degree of dye removal on 
the surfactant concentration was studied, i. e. from the 
molar ratio dye: surfactant. The best result was obtained 
for the molar ratio Dye: HTAB = 1:1.5. With this ratio, the 
purification efficiency is already after 10 minutes is 97 %.  
When using other molar ratios, the efficiency of pollutant 
removal is lower.

3. The influence of bubble size and gas flow rate on 
the degree of dye removal was found out. Maximum dye 
removal 97 % in 10 min occurs when gas bubbles are 
generated by a Schott filter with a minimum porosity 
of 40 µm and at a gas flow rate of 127 cm3/min.

The dependence of the degree of dye removal on the 
pH value of the initial solution was studied. The results 
indicate little effect of pH. When the pH changes from 2 
to 11, the degree of dye removal changes from 85 to 97 %.  
The best result is obtained for solvent sublation at pH 5.5, 
i. e. without pH adjustment.

4. The change in the degree of dye removal from its 
initial concentration is established. With a 25-minute puri-
fication of low-concentration dye solutions (5–50 mg/dm3),  
a degree of purification of about 93 % is achieved. But for 
solutions with a concentration of 10 mg/dm3, the residual 
content of the dye is 0.28 mg/dm3, and for solutions with 
a concentration of 50 mg/dm3 – 1.03 mg/dm3. For effec-
tive purification of aqueous solutions contaminated with 
dyes of higher concentration, it is necessary to increase 
the solvent sublation time.
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