
148

INTRODUCTION

Urban wastewater is generated as a result of 
the economic activities in the housing sector and 
industrial enterprises, as well as rain and snow 
[SN RK, 2012; Bogateev, 2010]. They contain 
dozens of compounds that negatively affect the 
environment and human health [Karmanov and 
Polina, 2015]. Wastewater leaks or floods can 
cause it to enter rivers and other bodies of water 
[SP RK 4.01–103–2013, 2014]. 

The pollution of surface wastewater with 
various products, usually sorbed on suspended 
particles is typical and most dangerous for water 

bodies [ITS 10–2019, 2019]. The study of the 
flows of recycled technological wastewater from 
metallurgical production, depending on the con-
tent of pollutants, shows their relevance [Nosova 
et al., 2014]. Therefore, before discharging waste-
water, it is necessary to conduct special treatment 
of varying degrees and depths [Fazal et al, 2015].

The most common water purification tech-
nology is the mechanical treatment using sand 
traps and sedimentation tanks, which remove 90 
to 95 percent of pollutants [Malovany, 2019]. 
One of the effective examples of improving 
such methods is a three-stage wastewater treat-
ment using two paired screens – for preliminary 
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ABSTRACT
The technologies associated with the use of a membrane bioreactor (MBR) are becoming one of the dynamically 
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it, which adversely affect the permeability. The density of the initial water varied within 1.059–1.078 g/cm³, and 
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in the hydrocyclone chamber is 7.9–9.0 kPa. It was established that additional preparation of waste water for the 
post-treatment process using a hydrocyclone increases the cleaning capacity of membrane elements by reducing 
the load of accumulation of coarse impurities on the membrane surface.
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treatment, and then filtration through two metal 
sieves and removal of fine mechanical impuri-
ties [Sevostianov et al., 2021]. The principle of 
operation of the developed technologies for pre-
liminary mechanical water purification based on 
various methods, including centrifugal separators, 
is based on the retention of suspended and soluble 
substances, the size of which exceeds the pore size 
of the membrane installed in the tank, as well as 
hydrocyclones [Khurmamatov, 2017; Mansur-
Jeffrion, 2010; Senfter, 2017]. Hydrocyclones as a 
device for cleaning anaerobic digesters of sludge 
in wastewater treatment plants as well as separat-
ing particles and liquids show good results [Bayo 
et al., 2015; Bhardwaj et al., 2012]. The advantage 
and effectiveness of the hydrocyclone methods 
of water purification from mechanical impurities 
have also been proven in the study in the circulat-
ing water supply system and in other areas of their 
application [Valeev, 2014; Zhurinov et al., 2019; 
Botantaeva, 2014]. There is some experience in 
the use of hydrodynamic cavitation to improve the 
biodegradability index of municipal wastewater 
that has undergone preliminary mechanical treat-
ment and the use of activated carbon and zero-va-
lent iron [Lebiocka, 2020; Fronczyk, 2020].

Biological treatment plants remove a variety 
of contaminants from the liquid using special 
microorganisms [Balandina, 2015]. The rest of 
microorganisms, products of their activity, other 
pollutants do not allow water to be discharged in 
this form into reservoirs. Therefore, the second 
stage of the process is carried out – post-treatment 
of waste water, where bioreactors and deep purifi-
cation filters are used [Rajindar, 2014].

A membrane bioreactor (MBR) is a collection 
of several porous membranes made of a crystal-
line polymer with a high molecular weight, in-
tended for the purification of natural and waste 
waters [Khasanova and Nakipov, 2017]. 

The increased interest in the technology of 
membrane reactors in recent years is explained 
by a significant reduction in the cost of this tech-
nology [Mamedova and Guseinova, 2019]. In 
terms of capital costs, the technology is practi-
cally equal to the costs of building a “aeration 
tank – secondary sedimentation tank – post-
treatment facilities” system, while ensuring op-
erational reliability, the possibility of full auto-
mation and higher cleaning efficiency.

The use of membrane technology for waste-
water treatment prevents the pollution of the 
existing water bodies and, when reused, can 

completely eliminate discharges into water bod-
ies [Miklashevsky, 2014]. The presence of such 
installations reduces the area of   treatment facili-
ties during new construction and reconstruction.

It should be noted that most of the standard 
sizes of the membrane bioreactors used impose 
strict requirements on the preliminary wastewater 
treatment. This is due to the fact that the presence 
of suspended solids and, coarse impurities in the 
treated water can lead to irreversible pollution and 
premature failure of membranes [Miklashevsky 
and Muravyova, 2014].

During filtration, biological and mineral de-
posits form in the pores and on the surface of the 
membranes. In order to effectively combat sedi-
ments, the modern practice of operating submers-
ible membrane bioreactors involves the use of 
backwashing with filtrate and reagent solutions 
[Trunov et al., 2010].

In order to select the measures to prevent salt 
deposits and reduce the consumption of concen-
trates, the mechanisms of formation of low-sol-
uble salt deposits in reverse osmosis membrane 
plants and other suspended particles contained in 
purified water were studied [Pervov et al., 2019].

When a sediment layer forms on the mem-
brane surface, the process occurs unsteadily, 
since the sediment layer thickness varies both 
in terms of the separation time and the length of 
the membrane module [Fedosov, 2020]. The is-
sues of membrane fouling control and work with 
flows below critical are considered in the article 
[Verhuelsdonk et al., 2021]. It notes that early in-
dication can be used as an additional method for 
detecting contamination.

Overall, this review of the study shows that 
membrane fouling in the bioreactor continues to 
limit the widespread use of this technology and 
increase the operating costs. Thus, the develop-
ment and study of an improved technological 
scheme of membrane post-treatment of wastewa-
ter, which protects the unit membrane from clog-
ging by impurities and wear, is relevant.

DESCRIPTION OF THE INSTALLATION 
AND METHOD OF STUDY

An improved technological scheme for 
wastewater treatment using a membrane bioreac-
tor (Figure 1, innovative patent of the Republic 
of Kazakhstan No. 21444) includes bioreactor 1; 
sewage pump 2 equipped with a hydrocyclone 3.
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The pump is connected to the automatic con-
trol panel by means of a cable 4. In order to sup-
ply purified water from the hydrocyclone to the 
reservoir 6, a drain line 5 is provided, at the end 
of which a hydromonitor nozzle 15 is installed. 
With the help of the latter, the compacted acti-
vated sludge is recirculated on the lower part of 
the membrane module 7.

Compressed air is supplied to the membrane 
module by compressor 8, and the suction of pu-
rified water from the module is done using a 
vacuum pump 9. The volume of water supplied 
to the consumer is recorded using a flow meter 
10, and the pressure in the network is exemplary 
pressure gauges 12. There is a valve on the suc-
tion branch of the hydrocyclone 13. The mem-
brane module is suspended on a rope 14. The 
water level in the tank is controlled by the action 
of the float 16, which, when changing the posi-
tion, gives the command to turn the module on 
and off as well as pumps 2 and 9 through the 
automatic control panel.

Initial experiments were carried out in order 
to study the flow-pressure characteristics of a hy-
drocyclone, since it must correspond to the tech-
nological parameters of a membrane bioreactor, 
and then experiments were carried out to estab-
lish the quality indicators for wastewater treat-
ment using a hydrocyclone.

Joint tests of the hydrocyclone unit and the 
membrane module “Mikrodin” were carried out 
in summer at the site of the wastewater treatment 
plant in Nur – Sultan as part of the wastewater 
treatment process line (Figure 2). The prototype 
of the installation was manufactured according to 
the technological scheme (Fig. 1). 

During testing, the operating conditions of 
membranes in biomembrane processes were de-
termined by the modes and parameters of the 
bioreactor, which are associated with the degree 
of formation of colloidal compounds in it, which 
negatively affect the permeability and resistance 
of the membranes [Mamedova, 2019].

In order to provide water supply to the hydro-
cyclone from the aeration tank, the test bench was 
equipped with an ALKO Imp. Sewage pump. AL-
KO GERATE GmbH with a capacity of 1.5 l / s, a 
head of 34 m and a power of 12.5 kW.

The structural dimensions of the main elements 
of the hydrocyclone varied within the following 
limits: the diameter of the inlet and outlet nozzles 
was 25 – 50 mm, the diameter of the sand hole was 
12.5 – 25 mm, and the diameter of the cylindrical 
part remained constant, which was 200 mm.

The concentration of suspended solids in the 
aerotanks ranged from 20–25 g/l, and sometimes 
up to 100–118 g/l, when, as a technological regu-
lation for a membrane submersible module, the 
content of suspended solids is allowed up to 12 g/l.

This provision required a decrease in the 
contamination of the treated waste water before 
entering the membrane and trapping the mechani-
cal impurities larger than 0.04 microns. The lat-
ter is associated with the conditions for matching 
the particle diameters with the pore sizes of the 
membranes.

At the concentrations of activated sludge 
greater than 8000 mg/l, the intensity of sedimen-
tation on the membranes increases, the pressure 
through the membrane increases rapidly, and 
the efficiency of the process decreases. In the 
case when the concentration of activated sludge 

Figure 1. Wastewater treatment scheme according to the developed technological 
scheme with a hydrocyclone (designations in the text)
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decreases below 3000 mg/L, the option of increas-
ing the concentration by thickening it through the 
sand holes of the hydrocyclone was used (SN RK, 
2012). The temperature range was -15–35 ° C.

This situation was also observed when us-
ing the basic “Mikrodin-Nadir” module (Ger-
many) for the additional biological treatment of 
waste water in the wastewater treatment facili-
ties of Nur-Sultan according to the project of the 
Department of Energy and Utilities of the city 
(Dossaev, 2017).

The choice of filtering material was carried out 
according to the retention capacity, process selec-
tivity (97%). During the test period, the density of 
water varied from 1.059 to 1.078 g/cm3. The maxi-
mum diameter of solid particles reached 0.3 mm. 
In case of a violation of the stabilization supply 
of prepared water to the membrane module, with 
the required output parameters, the installation 
mode was corrected with the help of valves and 
by changing the position of the submersible pump.

The processing of experimental data when 
testing the hydrocyclone and membrane module 
was carried out using the least squares meth-
od. The deviation in the processing results was 
expressed as a normal Gaussian curve. [ITS 
10–2019, 2019].

The separation accuracy was determined by 
the formula (for draining):

Еpm = (d25 – d75)/2 (1)

where: Еpm – average probable deviation, mm; 
 d25, d75 – average size of the class, 25 

and 75% of which, respectively, is ex-
tracted into the drain, mm.

RESULTS AND DISCUSSION

The experimental data obtained show that at 
a steady-state operating mode of the hydrocy-
clone chamber, when the pressure at the inlet Pen 
changes within the range of 150.0 – 300.0 kPa, 
the flow rate through the drainage pipe Qp in-
creases from 0.940 l/s to 1.167 l/s, and through 
the sandbox Qd – up to 4.42 l/s. (Figure 3).

The maximum performance of the hy-
drocyclone is provided at an inlet pressure of 
225–300 kPa, when the valve on the pressure line 
is open to its full cross-section. The pressure loss 
in the hydrocyclone chamber dP = 7.9 – 9.0 kPa.

These indicators were obtained when the ra-
tio of the diameters of the sandy dp and drainage 

Figure 2. General view of the hydrocyclone-membrane unit
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dd wells 𝑑𝑑𝑝𝑝
𝑑𝑑𝑑𝑑
=0.5 - 1.0 . With a decrease in 

the unloading coefficients of the hydrocyclone 
chamber to 0.3 – 0.4, the flow rate Qp decreas-
es. However, the qualitative change to function 
𝑄𝑄𝑑𝑑, 𝑄𝑄𝑝𝑝 = 𝑓𝑓(𝑃𝑃𝑒𝑒𝑒𝑒)  remains.

Comparison of pressure losses in the hydro-
cyclone shows that in the operating mode under 
pressure, their change occurs in direct proportion 
to the pressure, and also depends on the geomet-
ric parameters.

The pressure loss increases along with the 
sand hole diameter.The established separation 
characteristics of the process are represented in 
Figure 4. 

These data show that with an increase in 
the content of solid particles at the inlet (Ca) 
of the hydrocyclone from 86 to 91% (classes 
<0.045 mm), the size of the boundary separation 
(δ) increases from 0.02 to 0.07 mm, and the aver-
age deviation – from 0.04 mm.

The experimental results show that, depend-
ing on the operating conditions and the composi-
tion of the raw material, the size of the boundary 
separation varies from 0.04 to 0.24 mm. It turned 
out that the limiting factor in improving the qual-
ity of treated water for hydrocyclones is the fact 
that a significant part of the water polluting parti-
cles, which are complex “solid activated sludge”, 
have a density close to that of the waste. water. In 
this regard, they are not always ejected onto the 
inner peripheral surface of the hydrocyclone even 
at high tangential velocities.

As expected, high relative thickening (Cotn = 
5.10–5.84) of the slurry with the least water loss 

through the sand well was achieved when the hy-
drocyclone was operating to form a “sand block”.

In order to maintain the specified rational re-
gime for thickening, it is necessary to ensure the 
optimal value of the specific load on the sand hole 
(qp = 1.35–1.45 t/h per 1 cm2) by regulating the 
cross-section of the outlet hole using a throttling 
device, mainly automatic.

As the obtained dependences of the specific 
productivity of the membrane module for purified 
water (q, l/m2, h) on pressure (P, bar) show, when 
using a hydrocyclone, an increase in throughput 
is observed up to 19.6 l/m3. In turn, when work-
ing without a hydrocyclone, it is 14.2–14.5 l/m³.h 
(Figure 5).

The biological treatment parameters obtained 
in the established mode of the Mikrodin-Nadir 
membrane unit are shown in Table 1.

T was found that after an increase in pressure 
over 225–230 bar, the permeate output stabilizes 
and tends to decrease. With a uniform supply of 
water treated in a hydro cyclone to the reservoir, 
the output of water from the module fluctuates 
within the range of 16.0–18.0 l / m3.h, which pro-
vides a rational regime for additional treatment.

It turned out that with a decrease in the depth 
of wastewater treatment in purified water, the 
concentration of the extracted substances in-
creases. This is explained by the fact that during 
biochemical purification, various substances are 
consumed by bacteria in different ways; the read-
ily oxidized substances are removed faster, while 
maintaining the required duration of the waste 
water stay in the aeration tank.

Figure 3. Characteristics of a hydrocyclone for a membrane unit 



153

Journal of Ecological Engineering 2021, 22(4), 148–155

Figure 4. Granulometric composition of the sucked-in sand during testing 

Figure 5. Graphs of permeate yield versus pressure with and without 
hydrocyclone, Δ – with a hydrocyclone; o – without a hydrocyclone

Table 1. Indicators of wastewater treatment and post-treatment during production testing of the unit with and 
without a hydrocyclone

Component name Unit
Indicators of 

source water in the 
aeration tank

Cleaning the 
installation

«Mikrodin Nadir»

Cleaning 
together with a 
hydrocyclone

Maximum 
allowable 

concentration

Suspended substances mg / l 1150–1340

4.1
22.3
35.0
24.1

1.20
1.15
0.95
2.65
2.11

No more than 
0.75 of the 
background

Dry residue mg / l 1130–2100
1056
1101
1000

1000
1003
998

1000

Nitrates (by NO3) mg / l 0,44 –13,60

3.5
4.3
7.1
5.8

2.90
3.89
6.50
5.23

45

Nitrite (by NO2) mg / l 0,085–0,160

0.022
0.053
0.071
0.078

0.018
0.050
0.069
0.076

3,3

Mechanical impurities mg / l 1900–3100 0.402–0.242 0.102
0.142 -
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As expected, the concentration of impurities 
exceeded up to 30.0 mg/l. leads to a decrease in 
the throughput of the membrane to 48.0 l/h. A 
change in pressure in the range of 100–250 bar has 
a positive effect on the selectivity of the membrane 
separation, but due to the seal of the membrane, 
the latter becomes less permeable to impurities. 
Providing a flow-through separation mode helps 
to remove or reduce the accumulation of soluble 
matter on the membrane surface and maintains the 
production process at the required level.

A linear increase in selectivity at low inlet 
pressures and its stability at low concentrations 
of impurities after the hydro cyclone are charac-
terized in almost all operating modes of. It was 
found that with an increase in permeability, the 
selectivity decreases from 98.5 to 96.3%.

CONCLUSIONS

The use of a hydrocyclone in the post-treat-
ment of wastewater using membrane technology 
helps to protect the membrane against clogging 
with coarse impurities and wear, especially when 
the concentration of suspended solids is too high. 
Due to this, an increase in the throughput of the 
unit for treated water, as well as an increase in 
selectivity at low inlet pressures and its stability 
at low concentrations of impurities after clean-
ing in a hydrocyclone are achieved. Providing a 
flow-through separation mode helps to remove or 
reduce the accumulation of soluble matter on the 
membrane surface and maintain the production 
process at the required level.

When using a hydrocyclone, the activity of 
microorganisms in the bioreactor does not dete-
riorate, which allows maintaining the intensive 
process of biological treatment.

The considered variant of the membrane tech-
nology is expedient to be used mainly at local wa-
ter treatment facilities with a productivity in the 
range of 70.0–85.0 l/h.
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