
ENVIRONMENTAL PROBLEMS 

Vol. 11, No. 3, 2025 
 

 
For citation: Shkop, A., Kulinich, S., Shestopalov, O., Bosiuk, A., Sakun, A., Ponomarova, N. (2025). 

Intensification of the wastewater treatment process in the production of sanitary ware using coagulants and 
flocculants. Journal Environmental Problems, 10(3), 226–236. DOI: https://doi.org/10.23939/ep2025.03.226 

INTENSIFICATION OF THE WASTEWATER TREATMENT PROCESS  
IN THE PRODUCTION OF SANITARY WARE  
USING COAGULANTS AND FLOCCULANTS 

 
Andrii Shkop , Sergii Kulinich , Oleksii Shestopalov , Alona Bosiuk   , Antonina Sakun  , 

Nataliia Ponomarova   
 

National Technical University “Kharkiv Polytechnic Institute”, 
2, Kyrpychova Str., Kharkiv, 61002, Ukraine 

Alona.Bosiuk@mit.khpi.edu.ua 
 
https://doi.org/10.23939/ep2025.03.226 
 
Received: 04.07.2025 
  
© Shkop A., Kulinich S.,  Shestopalov O., Bosiuk A., Sakun A., Ponomarova N., 2025  
 
Abstract. This article discusses the issue of sludge water 
treatment generated in the production of ceramic sanitary 
ware. Experimental studies were conducted on the 
effectiveness of physical and chemical treatment 
methods, in particular the use of coagulants (aluminium 
sulphate) and flocculants of various types (anionic, non-
ionic, cationic). The optimal parameters for water 
treatment have been determined, which allow for the 
maximum removal of suspended particles and minimise 
the formation of sediment. It has been established that the 
use of aluminium sulphate in a concentration that does 
not lower the pH of the medium below 6.0–6.5, in 
combination with flocculants, ensures effective water 
clarification. The best result was obtained with a 
flocculant dosage of 250 g/t in a ratio of anionic to non-
ionic 1:1. The combined use of coagulants and 
flocculants made it possible to reduce the residual 
turbidity of water to <5 mg/dm³ and accelerate the 
precipitation of finely dispersed particles by 1.5–
2.0 times compared to traditional methods. An improved 
technological scheme for purification has been proposed, 
which includes coagulation, flocculation, settling and 
centrifugation, with the possibility of further use of 
purified water in the production cycle. The results 
obtained can be used to modernise local treatment 
facilities of ceramic industry enterprises and introduce 
closed water use systems. The proposed reagent selection 
method is adaptable to wastewater of similar composition 
and reduces the environmental impact. 

Keywords: wastewater treatment, coagulation, floc-
culation, sedimentation rate, water reuse, environ-
mental safety.  
 
1. Introduction 
 

The production of ceramic sanitary ware is ac-
companied by the generation of significant amounts of 
wastewater containing fine suspended particles, residues 
of clay materials, mineral salts, and organic impurities. 
The discharge of organic compounds, heavy metals, and 
chemicals used in the ceramic industry leads to sub-
stantial water pollution. Therefore, wastewater must 
undergo thorough treatment (Shurygin et al., 2021). The 
low natural sedimentation rate of suspended particles 
complicates the purification process and necessitates the 
use of reagent-based methods, particularly coagulation 
and flocculation (Shkop et al., 2017 b). 

The basic technology for treating wastewater in 
the production of ceramic sanitary ware involves 
several main stages. First, mechanical methods are 
used, including coarse cleaning with screens and 
grates, sand traps and sedimentation tanks to remove 
coarse impurities. The next stage is physical and che-
mical treatment, during which chemical reagents are 
usually used to precipitate impurities in the form of 
sludge. However, these methods are not effective 
enough for removing colloidal and fine particles that 
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remain in the water after settling. As a result, the 
treated water remains highly turbid, and the sludge 
formed requires complex disposal. Biological treat-
ment is not usually used due to the specific compo-
sition of the wastewater from this production. Thus, 
traditional technological solutions do not provide a 
high degree of treatment, which limits the possibilities 
for reusing water in production. 

Known technological schemes for wastewater 
treatment at ceramic industry enterprises are generally 
similar but differ in scale and capacity. Their main 
drawback lies in the considerable volume of sludge 
generated and the insufficient efficiency of water cla-
rification, which limits the possibility of its reuse in the 
production process. 

The current challenge is to explore combined 
treatment methods that can improve process efficien-
cy, reduce water clarification time, minimize sludge 
volume, and facilitate its further disposal. This study 
aims to assess the effectiveness of various reagents and 
develop an improved wastewater treatment scheme 
that allows for the reuse of treated water. 

Wastewater generated during the production of 
ceramic sanitary ware contains a large amount of fine 
suspended solids, which significantly complicates its 
treatment. Traditional methods such as sedimentation 
are often insufficient due to the low settling rate of 
particles and high residual turbidity of the water. Mo-
reover, the resulting sludge requires additional mea-
sures for dewatering and disposal, placing an addi-
tional burden on both production processes and the 
environment. 

An important aspect of the problem is the limi-
ted availability of water resources, which necessitates 
the development of technologies that enable the reuse 
of treated water within the production cycle. This 
would contribute to reducing wastewater discharge 
volumes, decreasing the consumption of fresh water, 
and enhancing the environmental safety of ceramic 
industry enterprises. 

Therefore, there is a need to improve existing 
wastewater treatment schemes through the combined use 
of coagulants and flocculants. This approach will ac-
celerate the sedimentation process, improve the quality of 
treated water, and optimize sludge management. 

The increasing demands for environmental sa-
fety and the rational use of water resources make the 
issue of effective treatment of ceramic industry was-
tewater relevant. In this production, two main and one 
secondary wastewater streams are generated. The first 
arises during the preparation of slip and the shaping of 

products and contains many suspended clay particles, 
glycerin, and surfactants. The second stream is 
associated with the preparation of ceramic paints and 
contains pigments based on metal oxides. The third, 
secondary, stream is domestic and fecal wastewater 
(Yaroshenko & Shabanov, 2011). The use of tradi-
tional methods does not provide the required level of 
purification, which complicates the reuse of water in 
production and increases the negative impact on the 
environment. 

Modern trends in water treatment are aimed at 
implementing combined methods of coagulation and 
flocculation (Onen & Gocer, 2018), which signifi-
cantly improve the quality of treated water and reduce 
the treatment time. The study (Yaroshenko & Sha-
banov, 2010) analyzed the composition of wastewater 
from a ceramic plant, which confirmed the high 
variability of their physico-chemical characteristics 
and the need for an individual selection of treatment 
methods. However, the optimal parameters for reagent 
dosing and effective technological solutions for 
wastewater from sanitary ceramics production remain 
insufficiently studied. 

This study is aimed at finding effective was-
tewater treatment methods that will increase the 
sedimentation rate of suspended particles, reduce the 
amount of generated sludge, and ensure the possibility 
of water reuse. The implementation of the obtained 
results will contribute to reducing the environmental 
burden of ceramic industry enterprises and increasing 
their environmental responsibility. 

The physical and chemical composition of 
wastewater from ceramic production varies significantly 
depending on the technological stage and type of product. 
According to experimental data and literature sources 
(Sari Erkan, 2019; Martínez-García et al., 2012; Chong et 
al., 2009), typical indicators for such effluents are: 
suspended solids – 800–1200 mg/dm³, COD – 250–
400 mgO₂/dm³, BOD₅ – 50–100 mgO₂/dm³, surfactants – 
up to 15 mg/dm³, pH – within 6.2–8.0. Heavy metal ions 
are also found in wastewater: Zn²⁺ – up to 1.0 mg/dm³, Cr³⁺ 
– up to 0.2 mg/dm³, Fe³⁺ – up to 2.0 mg/dm³, Al³⁺ – up to 1.5 
mg/dm³. Specific pollutants include glycerine, clay particle 
residues, metal oxides, silica, calcium, magnesium and 
sodium salts. Such a v ariable composition significantly 
complicates wastewater treatment, necessitating the use of 
adaptive reagent methods. 

The advantages of using ceramic membranes 
for the filtration of complex wastewater are widely 
covered in modern scientific research (Almecija et al., 
2009; Barredo-Damas et al., 2010; Ebrahimi et al., 
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2015; Ebrahimi et al. , 2014; Hua et al., 2007). Ho-
wever, contemporary studies provide almost no practical 
examples for the treatment of ceramic industry was-
tewater. In this work, the author investigates the removal 
of chemical oxygen demand (COD) from ceramic 
industry wastewater using chemical coagulation with 
alum and ferric chloride (FeCl₃) as coagulants. In 
addition, the research focuses on determining the ca-
pillary suction time (CST) of sludge samples, which is an 
important indicator of its dewatering potential (Sari 
Erkan, 2019). 

The wastewater treatment schemes in ceramic 
tile and sanitary ceramics workshops described in the 
literature are similar, differing only in capacity. Was-
tewater is discharged into equalizing tanks, from where 
it is pumped by membrane pumps into special settling 
tanks, into which a coagulant (aluminum hyd-
roxychloride) and a flocculant (polyacrylamide) are 
dosed. After treatment, part of the water is returned to 
the production cycle as technical water. The sludge 
retained in the settlers is dewatered using filter presses. 
The portion of the sludge, as well as residue on the 
screens (a mixture with foreign objects), which cannot 
be reused in production, is transported to a solid waste 
landfill. 

The production of sanitary ceramic products has 
significantly contributed to the development of 
industrial water treatment technologies. In particular, 
efficient treatment and reuse of wastewater (Maura 
et al., 2023) helps reduce water consumption costs and 
minimize the negative environmental impact. Howe-
ver, ceramic production also generates significant 
volumes of wastewater containing heavy metals and 
other pollutants. Studies show that ceramic industry 
wastewater may contain up to 15 mg/L of boron and 
up to 2000 mg/L of suspended solids, which requires 
the implementation of effective treatment methods 
(Martínez-García et al., 2012; Chong et al., 2009). 
Boron is widely used in the production of sanitary 
ceramics to improve their mechanical strength. Ove-
rall, ceramic materials belong to the class of inorganic 
compounds that may contain organic impurities and 
non-metallic components (Khomenko et al., 2022; 
Budnyk et al., 2008). Furthermore, the production 
process results in products with varying clay content, 
which may be glazed or unglazed, porous or vitreous 
(Barros et al., 2007; Budnyk et al., 2008). 

In their study (Elias et al., 2014), the authors 
investigate the treatment of ceramic industry waste-
water using the method of rhizofiltration, applying a 
bioremediation system based on water hyacinth. This 

approach contributes to the effective removal of heavy 
metals and other pollutants from wastewater, enabling 
the minimization of their negative environmental 
impact and allowing for the reuse of treated water in 
the production process. 

However, existing wastewater treatment sche-
mes require further improvement to enhance the effi-
ciency of pollutant removal and reduce environmental 
impact. In particular, the issues of optimizing the do-
sing of coagulants and flocculants to minimize excess 
sludge formation, as well as the possibilities for its 
further disposal or recycling, remain insufficiently 
studied. As noted by t he author in their research 
(Onyshchuk, 2023), the effectiveness of flocculation 
and coagulation largely depends on the careful selec-
tion of reagents and technological parameters, which 
must be adapted to the specific type of wastewater. An 
unresolved issue is also the methodology for selecting 
different types of coagulants and flocculants using 
technological tests, which allow the obtained results to 
be used for adjusting the operation of treatment 
equipment. 

In addition, the issue of reducing freshwater 
consumption in production processes through the ma-
ximum reuse of treated wastewater remains relevant. 
Promising research includes the implementation of 
additional treatment stages, particularly sorption and 
membrane technologies, to achieve the required qua-
lity of water returned to production. 
 
2. Experimental part 

 
The aim of this study is to improve the effi-

ciency of wastewater treatment in ceramic tile and 
sanitary ware production by removing suspended so-
lids through the selection of optimal doses and ratios 
of coagulants and flocculants. 

This is necessary for the enhancement of tech-
nological treatment schemes, which will help reduce 
the negative environmental impact and increase water 
conservation within production processes. 

To achieve this aim, the following objectives 
were set:  

– to investigate physical and physicoche-
mical methods for treating wastewater samples from 
ceramic tile and sanitary ware production and to de-
termine their effectiveness; 

– to assess the efficiency of various coagu-
lants and flocculants, as well as their combinations; 

– to develop a treatment technology for the 
removal of suspended solids from wastewater. 
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The study was conducted using real wastewater 
samples from an operating sanitary ware production fa-
cility, collected at different times and from various 
workshops: Sample No. 1 (solid phase concentration: 
23 g/l); Sample No. 2 (solid phase concentration: 7.8 g/l). 

The sludge waters from ceramic sanitary ware 
production contain solid particles of varying sizes, 
formed as a result of technological processes. The 
main parameters of the studied samples included vo-
lume, solid content, and pH value. The kinetics of 
particle sedimentation were examined by observing 
changes in water transparency over different time 
intervals. The study allowed for the determination of 
the optimal settling time required to achieve the hig-
hest degree of liquid clarification. 

The research was carried out in several stages: 
1. Sample preparation – wastewater samples 

with volumes of 5–20 liters collected from ceramic 
sanitary ware production were subjected to preliminary 
analysis to determine the concentration of solid residue 
using the evaporation method. 

2. Gravitational settling – the initial samples 
were tested under still settling conditions for 4 to 
24 hours, with changes in clarity and particle sedimen-
tation rate recorded. 

3. Centrifugation – a laboratory beaker centrifuge 
was used at separation factor values Fr = 9 90–2286 to 
evaluate the efficiency of mechanical phase separation. 

4. Chemical treatment – various reagents were 
used for coagulation and flocculation of suspensions, 
including ferric chloride, aluminum oxychloride, and 
aluminum sulfate as coagulants, and cationic, anionic, 
nonionic flocculants, as well as their combinations. For 
each reagent, the sedimentation rate of the suspension 
after the addition of flocculants (V₁) and after intense 
mixing (V₂) was recorded according to the methodology 
described in more detail in publications (Shkop et al., 
2017b; Shestopalov et al., 2019). 

The diagram shown in Fig. 5 is a basic diagram 
and reflects the general sequence of treatment proces-
ses recommended for wastewater of a similar com-
position. Technological parameters, such as process 
duration, reagent dosage, sludge volume and moisture 
content, depend on specific production conditions and 
may vary. According to the methodology described in 
this study, the recommended coagulant consumption is 
100 g/m³, flocculant consumption is 250 g/t (in two 
stages: 125 (non-ionic) + 125 (anionic) g/t), and the 
moisture content of the sludge after centrifugation is 
45 ± 5 %. The studies were conducted in triplicate, the 
results were averaged, and the deviations did not 
exceed ±5 %, which confirms their reliability. 

5. pH monitoring – changes in the pH of the 
medium after the addition of coagulants and 
flocculants were recorded, as this parameter affects 
sediment formation and aggregation efficiency. 

6. Comparison of effectiveness – the effecti-
veness of different reagent combinations was compa-
red, and optimal doses and conditions were identified 
to achieve the highest treatment efficiency. 
 
 3. Results and Discussion 

 
As a r esult of gravitational settling of Sample 

No. 1, the following observations were made: 
– after four hours of settling, clarification was 

minimal; the sample remained cloudy with ap-
proximately 50 % of the particles settling out; 

– after 24 hours of settling, the sample re-
mained turbid, indicating the presence of fine suspended 
particles (primarily clay particles such as kaolin clays). 

To study the kinetics of gravitational 
sedimentation, a 500 ml sample of wastewater was 
placed in a transparent laboratory measuring flask 
(cylinder) with a diameter of 50 mm to observe the 
process of clarification and sediment formation. The 
kinetics of sediment growth in the sample during the 
settling process are shown in the graph in Fig. 1. 

 

 

Fig. 1. Sedimentation kinetics during the settling process 
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An analysis of the sedimentation kinetics indicates 
that the wastewater sample contains finely dispersed par-
ticles forming a stable dispersion system, for which gra-
vitational settling is largely ineffective (only coarse par-
ticles settle, while the majority remain suspended). Ho-
wever, preliminary settling allows for the removal of 

approximately 40–60 % of the solid phase (depending on 
the settling time) without the use of chemical reagents. 

Centrifugation of the initial sample without chemical 
enhancement was performed using a laboratory beaker 
centrifuge at separation factors of Fr = 990, Fr = 1500, and 
Fr = 1940 (Table 1).

 
Table 1 

Results of Centrifugation of Sample №1 in the laboratory Centrifuge 
 

Separation Factor, 
Fr 

Volume/Weight of Initial 
Sample 

Weight of сlarified 
sample, g Note 

990 250 ml /256.4 g 247.1  
The sample is turbid, after 17 hours  

of settling, sediment is visible at the bottom. 1500 250 ml /257.1 g 247.15  
1940 250 ml /255.95 g 247.1 

    

Fig. 2 shows the appearance of clarified water after 
centrifugation in a laboratory beaker centrifuge at 
separation factors of Fr = 990, Fr = 1500, and Fr = 1940. 

An analysis of the results indicates that cen-
trifugation does not yield fully transparent water but does 

partially reduce the concentration of suspended particles. 
Complete clarification and the production of clear water 
can only be achieved through the use of chemical 
coagulants and flocculants, which destabilize the 
dispersion system formed by fine solid-phase fractions.

 

 
 

Fig. 2. Appearance of clarified water after centrifugation 
 

At the next stage, chemical treatment of the 
sample was carried out using various reagents. 

1. When the initial 250 mL sample was treated 
with 0.5 mL of 10 % ferric chloride, clear clarified 
water with slight whiteness was obtained. The 
sedimentation rate V₁ at 50 % of the sample volume 
was 0.6 mm/s. After centrifugation in a beaker ce-
ntrifuge at Fr = 990, clear clarified water and a yello-
wish precipitate were obtained. 

2. When the initial 250 mL sample was treated 
with 0.1 mL of aluminum oxychloride, clear clarified 
water with slight whiteness was obtained. The sedi-
mentation rate V₁ at 50 % of the sample volume was 

0.3 mm/s. After centrifugation in a beaker centrifuge 
at Fr = 990, clear clarified water was obtained. 

3. When the 250 mL sample was treated with 
flocculants (50 % cationic + 50 % anionic) at a 0.05 % 
concentration (180 g/t), white clarified water was 
obtained. The sedimentation rate was V₁ = 6.1 mm/s 
and V₂ = 2.9 mm/s. After centrifugation in a beaker 
centrifuge at Fr = 990, white but non-transparent 
clarified water was obtained. 

4. When the 250 ml sample was treated with 
0.6 ml of 10% aluminum sulfate, whitish clarified 
water was obtained (see Fig. 3, a). The sedimentation 
rate V₁ at 50 % of the sample volume was 0.36 mm/s. 
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After centrifugation in a beaker centrifuge at Fr = 990, 
clear clarified water with a small amount of white 
sludge was obtained. 

5. When the 250 mL sample was treated with a 
nonionic flocculant at a 0.05 % concentration (180 g/t), 
white clarified water was obtained. The sedimentation 
rate was V₁= 5.4 mm/s and V₂= 2.8 mm/s. 

6. When the 250 mL sample was treated with 
0.5 ml of 10 % aluminum sulfate followed by the addition 
of a nonionic flocculant at a  dosage of 90 g/t, clear 
clarified water was obtained (Fig. 3, b). The sedimen-
tation rate was V₁= 6.7 mm/s and V₂= 5.2 mm/s. After 
centrifugation in a beaker centrifuge at Fr = 990, clear 
clarified water and sludge with a moisture content of 
51 % were obtained. 

 

                                                  
 

a            b 
 

Fig. 3. Appearance of samples after treatment:  
а – with aluminum sulfate; b – with aluminum sulfate followed by enhancement with a nonionic flocculant 

 
An analysis of the clarification results for Sam-

ple No. 1 indicates that the best performance for this 
type of wastewater was achieved using aluminum 
sulfate and a nonionic flocculant. The introduction of 
these reagents resulted in clear water. The highest ef-
ficiency was demonstrated by the combination of this 
coagulant with the nonionic flocculant, as their joint 
action led to the formation of large, fast-settling ag-
gregates (V₁= 6.7 mm/s), which were minimally af-
fected by mixing (V₂= 5.2 mm/s). 

As a r esult of gravitational settling of Sample 
No. 2, the following was observed: 

– no clarification was observed after 12 hours; 
the sample remained whitish and turbid, with a sediment 

layer at the bottom of the measuring cylinder appro-
ximately 0.5 to 1 mm thick; 

– after 24 hours of settling, the sample remai-
ned whitish and turbid, indicating the presence of fine 
suspended particles, with the sediment layer increasing 
to about 1.5 to 2 mm. 

− During centrifugation of the sample in a 
laboratory beaker centrifuge without chemical enhan-
cement at separation factors of Fr = 990 and Fr = 1500, 
no significant differences were observed in the degree 
of clarification or the amount of solid sludge obtained; 
in both cases, the sludge volume was minimal 
(Tablе 2). 

Table 2 
Results of Centrifugation of Sample No. 2 

 

No. Separation factor 
value, g 

Exposure 
time, s 

Suspension separation results 

Volume, ml Volume of 
liquid, ml 

Volume of 
sludge, ml 

Description of clarified liquid 
and sludge 

1 900…990 
(800…990) 26 250 248/248.65 ~1 

White, turbid clarified liquid; a 
small amount of sludge present; 

sludge is moist 

2 1500…1580 36 250 250/247 ~1 
Whitish, turbid clarified liquid; a 
small amount of sludge present; 

sludge is moist 
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When treating Sample  No. 2 (500 ml) with 1 ml of 
10 % aluminum oxychloride, followed by the addition of a 
combination of nonionic flocculant (250 g/t) and anionic 
flocculant (250 g/t), clear clarified water was obtained. The 
sedimentation rate was V₁= 9.5 mm/s and V₂= 2.9 mm/s. 
After compaction, the sludge volume amounted to 
1/10 (50 ml) of the sample volume, corresponding to a 
concentration of 78 g/l. 

However, this total flocculant dosage of 500  g/t is 
not optimal, which prompted further chemical testing of 
Sample No. 2 with various reagents, yielding the 
following results. 

Stage 1. The dosage of the coagulant solution 
(aluminum sulfate, which had shown high effecti-
veness in previous tests on Sample No. 1) and the 
amount of flocculants remained constant, while the 
types and combinations of flocculants were varied. 

When the 250 ml sample was treated with 0.5 mL 
of 10 % aluminum sulfate, the formation of small 
aggregates (flocs) was observed. Then, a flocculant with 
a 0.05 % concentration was added at a dosage of 257 g/t, 
and the sedimentation rate of the flocs was measured, as 
well as their residual sedimentation rate after 40 seconds 
of mechanical stirring with a laboratory mixer. The 
results of the study are presented in Table 3.

 
Table 3 

Results of selecting the type and combination of flocculants 
 

Type of flocculant added 
after coagulant 

Sedimentation rate of flocs after 
formation (V₁), mm/s 

Sedimentation rate of flocs 
after intense mixing  

(V₂), mm/s 

Characteristics of 
clarified liquid 

Anionic flocculant 11.67 3.8 Fine suspension 

Cationic flocculant 4.2 1.46 Fine suspension 

Nonionic flocculant 18.17 5.58 Clarified white 
suspension 

Flocculant mixture (50 % 
nonionic + 50 % cationic) 5.21 2.05 Clarified white 

suspension 

Flocculant mixture (50 % 
nonionic + 50 % anionic) 13.75 9.82 Clear water 

 
An analysis of  Tablе 3 indicates that the no-

nionic flocculant demonstrated higher overall effec-
tiveness. However, the most mechanically stable flocs 
were formed when using a combination of nonionic and 
anionic flocculants. This may indicate the presence in 
the water of either solid particles with varying charges 
or the formation of secondary structures when 
combining flocculants – where one flocculant adsorbs 
more effectively onto particle surfaces, and the other 
forms bridges and promotes floc growth. These results 
are consistent with previous studies; for example, in coal 
sludge treatment, the highest efficiency was achieved 
using a combination of nonionic and anionic flocculants 
(Shkop et al., 2017 a), while for foundry dust sludge, a 
combination of anionic and cationic flocculants proved 
most effective (Bosiuk et al., 2024). 

Stage 2. The optimal amount of coagulant and its 
effect on the flocculation process were investigated. 
Increasing the coagulant dosage in wastewater may be 
economically disadvantageous and negatively affect 
flocculation. 

At this stage, the dosage and types of flocculants 
were kept constant, while the coagulant dosage was 
varied and changes in the pH of the medium were 
recorded. 

When treating Sample No. 3 (250 ml; initial 
pH = 8.39) with 10 % aluminum sulfate in volumes 
ranging from 0.5 to 3 ml, the pH of the sample changed 
from 6.98 to 4.87. After the formation of small aggregates 
(flocs) over ~10 minutes, flocculants (50 % nonionic + 50 
% anionic) at a 0.05 % concentration and dosage of 257 g/t 
were added. The sample was then mixed, and 
sedimentation rates were measured as in the previous 
experiments. The results are presented in Fig. 4. 
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Fig. 4. Dependence of floc sedimentation rates on coagulant dosage and pH changes of the medium 
 

An analysis of the results shown in Fig. 4 
indicates that increasing the coagulant dosage while 
maintaining a constant flocculant rate leads to a 
reduction in both the size and strength of the flocs. This 
may be attributed to changes in the pH of the medium 
due to the accumulation of sulfate ions in the liquid. 

Changes in ceramic sanitary ware production 
technology, particularly in the composition of raw 
materials or the parameters of individual operations, 
can significantly affect the chemical composition of 
wastewater and, accordingly, the effectiveness of 
coagulants and flocculants. Therefore, it is advisable to 
use an adaptive approach that involves regular analysis 
of the composition of wastewater and selection of 
optimal reagents based on the results of laboratory 
tests. 

Thus, the analysis of the conducted research 
allows for the following general conclusions: 

In most samples, clarification of the liquid 
phase occurred slowly, indicating high suspension 
stability. After 24 hours of sedimentation, many turbid 
suspended clay particles (kaolin) remained in the 
samples, confirming the need for additional treatment. 
Centrifugation without chemical reagents also failed to 
produce clear water but did allow for the rapid 

separation of coarse particles. The use of a laboratory 
centrifuge at different separation factors did not 
significantly improve the removal of fine particles of 
dispersed clay. 

For maximum removal of suspended solids in 
less concentrated samples (C = 7.8–16 g/L), it is 
advisable to use coagulants in combination with floc-
culants. Among the coagulants, aluminum sulfate 
showed the highest efficiency in promoting aggre-
gation and destabilizing the dispersed suspension. The 
use of aluminum sulfate combined with various 
flocculants led to complete clarification of the liquid, 
free of suspended particles. The most effective com-
binations included 50 % nonionic and 50 % anionic 
flocculants. It was found that the coagulant dosage 
should not be excessive and should not reduce the pH 
of the medium below 6.5. 

Therefore, to achieve the best water clarifi-
cation results, it is advisable to apply a combined use 
of coagulants and flocculants, while also maintaining 
an optimal pH level in the medium. 

Based on the summarized findings above, the 
following treatment scheme can be proposed for sani-
tary ware manufacturing enterprises (Fig. 5). 
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Fig. 5. Proposed wastewater treatment scheme for sanitary ware production: 1 – settling tank; 2 – tank with stirrer 
and floc formation chamber; 3 – pH sensor; 4 – tubular flocculator; 5 – lamella (inclined plate) settler; 6, 7 – centrifuges 

 
Wastewater from different sections of sanitary 

ware production is directed to a settling tank, where large 
sand-sized particles (>80 µm) settle out and are sent for 
dewatering in centrifuge 6. The overflow from the 
settling tank, containing fine-dispersed particles, flows 
into tank 2, which serves as both a storage and floc 
formation chamber, where it is mixed with a coagulant. 
The coagulant destabilizes the dispersed suspension and 
is then directed to the flocculator 4, where nonionic 
flocculant is first added, followed by anionic flocculant. 
Prior to the flocculator, the pH of the medium is 
monitored using a pH sensor 3. 

The formed flocs settle in the lamella settler 5, 
and the clarified water is returned to the production 
process for technological use. Sludge from settler 5 is 
dewatered in centrifuge 7. Centrifugates from centri-
fuges 6 and 7 may contain residual particles and are 
therefore returned to tank 2 for further treatment. The 
sludge from the centrifuges is returned to production 
for disposal. 

Thus, the proposed scheme enables the removal 
of suspended solids from wastewater with minimal 
reagent consumption, allowing both the solid phase 
and treated water to be reused in production. The 
doses, types, and order of addition of coagulants and 
flocculants should be determined and selected based 
on laboratory tests, the methodology and examples of 
which are described in this article. 
 
4. Conclusions 

 
The study analyzed the effectiveness of various 

physical and physicochemical methods for treating 
sludge waters from ceramic sanitary ware production. 

The obtained results allowed for the identification of 
optimal technological solutions for each stage of water 
treatment, aimed at improving efficiency and 
minimizing environmental impact. 

To achieve maximum removal of suspended 
solids, it is recommended to use aluminum sulfate as a 
coagulant at a concentration that does not reduce the 
pH of the medium below 6.0–6.5, in combination with 
flocculants. As flocculants, a 1:1 ratio of nonionic and 
anionic flocculants is recommended at a dosage of 
250 g/t. 

These results and the proposed methodology 
can be applied to the treatment of wastewater with 
similar composition; however, for each specific pro-
duction type, the selection of reagent types and 
concentrations should be determined through techno-
logical testing following the methodology described in 
this article. 

Based on the summarized results, a t echnolo-
gical wastewater treatment scheme has been proposed 
that enables the removal of both coarse and fine di-
spersed particles using a minimal amount of reagents. 
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