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Abstract

The use of ceramic membranes is an effective way to reduce microbial contamination of water without chemicals.
Ceramic membranes have a longer service life and more environmentally friendly disposal methods. Creating
inexpensive ceramic membranes significantly reduces the load on fine filtration installations, which is especially
important for the pharmaceutical, biotechnological and food industries. The aim of the work was to manufacture
ceramic membranes of asymmetric configuration based on a matrix and a TiOz-containing selective layer and to
investigate the ability of ceramic matrices/membranes to reduce turbidity, chemical oxygen demand and the level
of microbial pollution. Two samples of ceramic membrane matrices were synthesized: CM-1 based on aluminium
oxide, silicon carbide, borax, ammonium carbonate, and CM-2 based on kaolin, silicon carbide, borax, ammonium
bicarbonate and silicon oxide. Various selective coatings were applied to the ceramic matrices by the spin-coating
method. To determine and compare the characteristics of the obtained ceramic matrices/membranes, the raw
(natural) and purified water were analyzed for the presence of suspended solids (nephelometric method), chemical
oxygen demand (photometric method) and the level of microbial contamination (CFU/mL). The antibacterial
properties of ceramic membranes were evaluated using the zone of inhibition tes t, namely the diffusion method in
agar. Features of membrane morphology were also studied using scanning electron microscopy. It was determined
that the turbidity, chemical oxygen consumption and microbial contamination of the treated water after filtration
were reduced. The CM-1.10 ceramic membrane with TiO: selective layer showed greater efficiency in reducing
suspended solids contaned and microbiological pollution indicators. The prospect of using ceramic matrices and
ceramic membranes with TiO: selective layer for natural water purification to eliminate bacterial contamination
and contamination with organic substances and improve the organoleptic qualities of water has been confirmed.

Keywords: ceramic matrix; membrane; selective layer; bacterial contamination; antibacterial properties; titanium(IV) oxide.

AHTUBAKTEPIAJIbBHI BJIACTUBOCTI KEPAMIYHUX MEMBPAH 3 CEJIEKTUBHUM
INAPOM HA OCHOBI TiO2
Onekcanjpa ©. BoBk, MapuHa 0. /laBuzoBa, Onena . lnymeBchbka, CBiTsiana O. Kupii, Bita M.

JlinHoBunbKa, AHApin B. JlaniHcekuit®, TeTsaHa A. JlonjoBa
HayioHaavHutll mexwiuHuli yHieepcumem Ykpainu "Kuiscokuil nonimexuiuHuil incmumym imeHi leops Cikopcbkozo”,
npocn. bepecmeticokutl, 37, Kuis, 03056, Ykpaina
AHoTaljisa
BuKopHUCTaHHA KepaMiYHUX MeMOpaH € e(peKTUBHMM CIHOCOGOM 3MeHIIEeHHA MIKpOGHOTro 3a6pyAHEHHs BoAu 6e3
3aCcTOCyBaHHA XiMiYHUX pedyoBUH. KepamiuHi MeMGpaHuM MalOTh NOMITHO JOBIIUN TepMiH CJOYK6M Ta OGiabll
€KOJIOTiYHi MeToAu yTHJi3anii mopiBHAHO 3 moJiiMepHUMH. CTBOpPeHHs HHU3bKOBAapTiCHUX KepaMiYHUX MeMGpaH
3HAaYHO 3MEHIIyE HABaHTKEHHA HAa YCTAaHOBKU TOHKOI ¢inabTpanii. MeTolo po60oTH 6y/j10 BHUTOTOBJIEHHA
KepamMiyHMX MeMOpaH acMMeTpH4HOI KoHQirypauii Ha ocHOBi mMarpuui Ta TiO2-BMiCHOro ceJIeKTUBHOTO 1Liapy #
AOCJiPKeHHs1 3JaTHOCTI KepaMiyHUX MaTpullb/MeMOpaH 3MeHIIyBaTH Ka/JlaMyTHiCTb, XiMiYHe CNO>KUBaHHSA KHUCHIO
Ta piBeHb MiKpOGHOT0 3a6pyAHeHHA Boau. CHHTe30BaHi JBa 3pa3ku KepaMiyHUX MeMOpaHHMX Marpunp: KM-1 - Ha
OCHOBI amoMiHii okcuay, ciainii (IV) kap6iay, 6ypu, aMoHiio kap6oHarty; Ta KM-2 - Ha ocHOBI kaoJiiHy, ciainii (IV)
Kap6iay, 6ypu, aMoHio Gikap6oHary Ta ciiinii (IV) okcugy. Ha HUX MeTOAOM CHiH-KOAaTHHTY HAHOCHUJIU CeJIeKTHBHi
mapu pisHoro ckjaagy. /i1 BU3HAayeHHs Ta MNOPIBHAHHA XapaKTepPUCTHK OTPUMaHUX KepaMidyHMX
MaTpuIib/MeMOpaH BUXiJHy NPHPOJHY Ta OYHUILEeHy BOAY aHali3yBa/lMl Ha HagBHIiCTb 3aBHUC/IMX PEeYOBHUH, XiMiyHe
CHO>KMBaHHSA KHMCHIO Ta piBeHb MikpoGHOro 3a6pyaHeHHsa (KYO/mu). AHTHMGaKTepia/bHi BJIaCTMBOCTI KepaMiuyHHX
MeMOpaH OLiHIOBa/M 3a AOINOMOrol0 TeCcTy 30HM iHri6yBaHHsai. Oco6imBocTi Mopdosiorii KepamiyHUX MeMGpaH
BUBYAJIM 3a [JOIOMOrol CKaHyKYOi eJIeKTpOHHOI MiKpockomii. BcTaHOBJIeHO, 10 Ka/JaMyTHiCTb, XiMiuHe
CHOKUBAaHHA KHMCHIO Ta MiKpOGHe 3a6pyJHeHHA Oo4ulleHoi BoaM micjaa ¢inbTpanii yepe3s MeMGpaHu 3MEeHIIYIOThCS.
Kepamiyna mem6pana CM-1.10 3 cejleKTUBHUM IIapoM Ha ocHOBi TiO: nmokasana HaiGinbmy epeKTUBHICTb Yy
3HUKEHHi BMiCTy 3aBHM C/IMX PeYOBHUH Ta NOKa3HUKIB MiKpo6ioJioriyHoro 3a6pyJHeHHsA BOJHU.
Knatouosi cnosa: xepaMiuHa MaTpuls; MeMOpaHa; CeJIeKTMBHUH Liap; GakTepiajbHe 3abpyAHEHHs; aHTHOakTepiaJbHi
BaactuBocti; TutaH(1V) okcug,.
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Introduction

The use of ceramic membranes in water and
wastewater treatment technologies is increasing
every year. The advantages of ceramic
membranes, including their chemical/thermal/
mechanical stability, good corrosion resistance,
high porosity, low susceptibility to fouling, high
hydrophilicity, distinct pore size distribution,
high permeability at low pressures, and long
service life, make them attractive. The market for
ceramic membranes achieved compound annual
growth rate of 11.2 %, in particular, it showed
growth of about 8.9 % in 2023 [1; 2]. Wastewater
treatment is the largest industry that defines the
importance of ceramic membranes because they
can be integrated into technological schemes
along with advanced water treatment processes
that cannot be applied in the case of polymer
membranes due to their sensitivity to oxidizing
agents, for example - in the ozonation process. In
addition, hybrid-ceramic membrane systems,
such as the ceramic membrane bioreactor,
outperform polymer counterparts due to higher
flux, more efficient pollutant removal, and less
membrane fouling [3].

It is known that ceramic membranes are also
resistant to the presence of bacteria, which cause
the degradation of polymer membranes [4]. Such
properties of ceramic materials make them
unique for removing bacterial contamination in
water. Effective removal of a number of
pollutants, such as suspended solids and
pathogens by membranes, can be achieved due to
the regulation of membrane pore sizes, pollutants
adsorption on the membrane, and electrostatic
repulsion of pollutants from the membrane
charged surface [6]. Such properties of ceramic
materials make them unique for removing
bacterial contamination in water. The ability to
adjust the properties of ceramic membranes also
allows them to be regenerated after use, that is,
to remove contaminants such as suspended
solids and microorganisms before reuse.

Using ceramic membranes with kaolin,
limestone and bentonite in different ratios was
studied [5]. Membranes were tested while
detaining  both Escherichia  coli  and
Staphylococcus aureus. Limestone served as a
pore former; membranes containing up to 7%
limestone showed complete rejection of both
bacteria. The study [1] describes the method of
manufacturing ceramic membranes using
Egyptian raw materials: Aswan ball clay, Aswan
kaolin, and a mixture of potassium feldspar and
quartz. The ceramic membranes produced were

low-cost and used for water and wastewater
treatment. The membranes were heat treated at
900 °C. Membrane samples showed good
turbidity removal efficiency and a significant
decrease in the bacterial load in water from 70 to
14 CFU/100 mL, which indicates the feasibility of
using such membranes for antibacterial
microfiltration. Scientists from Luxembourg
synthesized [6] and tested ceramic membranes
based on a mixture of clay and ash in different
ratios. Ceramic membranes were produced by
sintering at a temperature of 700 °C. This study
aimed to remove E. coli bacteria from municipal
water. Experimental results showed that the
membrane with the following composition
showed the best characteristics: clay (40 %) +
ash (60 %). The pore size of this membrane was
from 1.6 to 2.0 pm, which allowed to retain up to
99 % of E. coli at an operating pressure of 0.25
bar. A group of scientists conducted research [7]
on the purification of river water using a ceramic
membrane based on ash clay sintered at 950 °C.
Studies have shown that this membrane at an
operating pressure of 0.75 bar can retain Pb, Fe,
and E. coli by 96.59 %, 95.55 %, and 99.29 %,
respectively.

The article by Mohit Kumar C and co-authors
[8] describes the preparation of ceramic
membranes using inexpensive precursors
(Chinese clay, quartz, calcium carbonate) at
different temperatures (900-1100 °Q).
Membranes were studied in the microfiltration
process by removing bacteria and polyethylene
glycol (PEG) from the aqueous medium. The
membrane, which was burned at a temperature
of 900 °C, provided 90.24 % retention of bacteria
and 40 % retention of PEG. The paper also
focuses on the problem of membrane cleaning.
Cleaning from biofouling using simultaneous
chemical and ultrasonic treatment showed
effectiveness, and alkaline treatment together
with distilled water effectively cleaned the
membranes from PEG.

It should be noted that ceramic membranes'
chemical and thermal stability greatly facilitates
the cleaning and regeneration process of
membranes due to their much lower sensitivity
to aggressive chemicals, particularly oxidants [9].
If necessary, acids (HCI, HNO3 and H»SO.), alkalis
(NaOH), chelating agents (Ethylenediamine-
tetraacetic acid - EDTA), surfactants (SDS) and
their combinations are used. Ceramic membranes
can easily withstand cleaning even with such
aggressive reagents as NaClO and Os.
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Another advantage of ceramic membranes
compared to polymer membranes is the
possibility of using natural raw materials from
agricultural production for their manufacture.
Such ceramic membranes have shown their
effectiveness in simplicity, cheapness and
environmental friendliness. Thus, ceramic
membranes made of kaolinite clay (75 %),
coconut shell (15 %) and eggshell (10 %) were
developed and investigated in [10] in the process
of removing E. coli bacteria from the water
environment. Membranes were subjected to heat
treatment at different heating rates. As a result of
work using a synthesized membrane, which was
sintered at the highest speed up to 1000 °C, it was
possible to achieve 100 % retention of E. coli. The
water permeability of such a membrane was the
highest, and no biological contamination was
detected on it. The membrane pore diameter was
0.060 nm, and the porosity was 31%.

Recently, various modifications have been
used to improve the filtering properties of
ceramic filters to eliminate pollutants of various
origins. For example, applying an additional
coating to the membrane with substances that
have antimicrobial properties: compounds of
silver, zinc, copper, titanium, and organic
compounds [11; 12].

A study [13] used a low-cost porous ceramic
membrane made of clay and rice husk and
modified with Fe/Ti0; nanocomposites to
remove E. coli from water. Due to the presence of
nano-TiO2 and Fe?t, a double synergistic
bactericidal effect on E. coli removal is provided.
It was shown that the ceramic membrane coated
with Fe/TiO2 nanocomposites can retain bacteria
up to 97 % at an initial concentration of 105
CFU/cm3  (colony-forming  unit/mL) and
simultaneously inhibit their growth. Previous
research results also indicate 90 % removal of E.
coli by unmodified ceramic membranes due to
the smaller pore size compared to the size of the
bacteria. The results of such research can help
find a cost-effective and safe solution to drinking
water problems.

According to laboratory research [14], water
purification processes using a bioreactor with an
installed inexpensive ceramic membrane showed
promising results. The ceramic membrane was
made of clay, potato starch, calcium carbonate,
almond shell, chamotte and selective layer of
titanium (IV) oxide. The membrane with thin TiO»
film also demonstrated high fouling resistance
and good retention capacity for E. coli,
Cryptosporidium cysts, and Giardia cysts.

This study [15] investigated the reduction of
E. coli using ceramic filters containing rice husk
(29.03 %) and decorated with nano-TiO: (mass
fraction of nano-TiO: - 2.21 %). Deactivation and
bacteria removal were carried out using UV
irradiation on a ceramic membrane. The results
are essential for finding a safe and cost-effective
approach to solving drinking water problems in
developing countries. Thus, the use of natural
materials as the main components of matrices
and selective layers based on TiO; raises many
questions and remains a relevant topic for
research [16; 17].

Some physicochemical processes, such as
coagulation and UV irradiation, can be easily
integrated into ceramic membrane systems, such
as bioreactors, to improve the removal of organic
compounds, suspended solids and color from
anaerobically treated dairy wastewater [18]. It
was established that due to the adsorption of
organic matter on the membrane, the chemical
oxygen demand (COD) decreases by 3-18 %.
Colour removal was 96-98% for all tested
membranes, and almost all total suspended solids
(TSS) were removed.

It should be noted that using membrane
technologies to remove various pollutants from
water significantly reduces the need for
chemicals. Ceramic membranes, especially those
made from inexpensive natural materials and
industrial waste, are widely used in various
industries for water and wastewater treatment.
Compared to conventional filtration processes,
separation processes based on membrane
technologies are compact, reliable, provide high-
quality purification, and can realize many
environmental applications [19; 20]. An
interesting idea is the application of the modern
trend of developing 3D-printed ceramic
membranes, which has attracted the attention of
researchers due to its high versatility [21].

It is known that the use of ceramic membranes
in full-scale water purification technologies is still
limited due to the high cost of their production.
[22]. However, the successful use of ceramic
membranes in bacteria removal processes during
the microfiltration of food products, particularly
dairy products [23] or filtration of fermentation
broths in the biotechnology and pharmaceuticals
industry [24], has been demonstrated.

It is known that the use of ceramic membranes
in full-scale water treatment technologies is still
limited due to the high capital costs of their
manufacture. But, although the production of
ceramic membranes is associated with significant
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capital costs, the life cycle cost of ceramic
membranes is less. Moreover, chemicals and
backwash are reduced when ceramic membranes
are implemented in water treatment technology.
For example, Sunkist Growers, a leader in the
citrus juice industry, uses Membralox ceramic
membrane purchased from GEA Filtration in
1994 at its Tipton, California processing plant [4].

Natural materials such as pyrophyllite, kaolin,
natural zeolites, clay materials and various
industrial and agricultural wastes (animal bones,
fly ash waste, glass waste, corn starch, eggshell)
are used to reduce the capital costs of the ceramic
membrane production process [19; 25-28]. An
important economic advantage of using natural
clays is that they require lower sintering
temperatures than metal oxide materials such as
alumina, silica, and zirconium (IV) oxide. The
sintering temperature of aluminium and
zirconium oxides, as materials for the synthesis of
ceramic membranes, requires a temperature of
more than 1100 °C, compared to natural clay,
which is sintered in the range of 800 to 900 °C. In
this way, it is possible to reduce capital costs for
the manufacture of ceramic membranes
significantly. Additionally, it's worth mentioning
that current recycling programs for ceramic
membranes present various methods for
repurposing them into new components or other
construction-related products. In this way, it is
possible to reduce disposal costs, as well as to
overcome environmentally threatening
challenges associated with the existence of
membrane waste landfills [4].

Silicon carbide (SiC), which is one of the few
natural hydrophilic membrane materials, is also
gaining popularity. It effectively passes water, in
contrast to organic compounds, which allows us
to assert its promise in water purification
processes [29]. At the same time, SiC is a
compound with a strong covalent bond, which
makes it an excellent means of reinforcing the
membrane. However, the sintering temperature
of SiC ceramics is quite high, which makes the
process of manufacturing membranes expensive
and prevents their mass production. At the same
time, the addition of some additives (borax, liquid
glass, etc.) to the original ceramic mixture, which
have a lower melting point, allows you to
significantly lower the sintering temperature and
make the production process of ceramic
membranes more cost-effective. Thus, the use of
silicon carbide can provide both high strength
and good permeability of aqueous solutions [30].

Thus, compared to other separation processes,
processes based on the use of ceramic filters have
many advantages: they  are  reliable,
environmentally friendly, and provide high-
quality cleaning. Therefore, using ceramic
membranes to remove various substances,
especially microorganisms, from water for its
purification and disinfection holds considerable
promise. Nevertheless, developing new, cheaper
ceramic filters and identifying coatings that offer
enhanced filtering and antimicrobial features,
among other improvements, continues to be
necessary.

This study aimed to investigate the ability of
ceramic matrices without a selective layer and
with a selective layer based on TiO; to reduce the
values of the following indicators of natural
water: turbidity, chemical oxygen demand, and
the level of microbial contamination.

Experimental part

Preparation of ceramic matrices. The following
components were chosen for the synthesis of
ceramic matrices: Kkaolin (Alz03-2Si02:2H:0,
Hlukhovetske's deposit, Vinnytsia region), silicon
carbide (SiC), aluminium oxide (Alz03), am-
monium carbonate (NH4)2C03), ammonium bicar-
bonate (NH4+HCO3), silicon oxide (SiO2) and borax
(NazB407). The choice of such components is bas-
ed on the following known facts: kaolin is a clay
material that has significant deposits throughout
Europe, including in Ukraine, and has great pro-
spects for use in the production of ceramic mem-
branes; the use of silicon carbide allows obtaining

sufficiently =~ strong  ceramic = membranes;
aluminum oxide is added as a traditional
component for the synthesis of ceramic

membranes; borax is an agent for improving the
mechanical charac-teristics of samples after
sintering; ammonium carbonate and bicarbonate
were used to form pores due to their thermal
decomposition with the release of carbon dioxide
[31].

Ceramic matrix 1 (CM-1). The dry components
of the mixture for the manufacture of the ceramic
matrix (aluminium oxide (Al203), silicon carbide
(SiC), borax (NazBsO7), ammonium carbonate
((NH4)2C03) were thoroughly ground in an agate
mortar until a uniform consistency. Then, the
calculated masses of all components of the
mixture were weighed on an analytical balance
and mixed in one container. After that, a 10 %
starch solution was added to the crushed
mixture, calculated so that the mass content of
starch in the mixture was 10 %. Next, the mixture
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was thoroughly mixed with starch, after which
0.5 mL ofliquid glass was added.

Ceramic matrix 2 (CM-2). Dry powdery
components of a mixture of kaolin, silicon carbide
(SiC), borax (NazB:07), ammonium bicarbonate
(NH4HCO3) and silicon oxide (SiOz) after careful
grinding in an agate mortar to uniformity were
weighed on an analytical balance according to the
calculated mass of each component and mixed in
one container. After that, a 10 % starch solution
was added to the crushed mixture, so that the
mass content of starch in the mixture was 10 %.
Next, the mixture was thoroughly mixed with
starch, after which 2 drops of liquid glass were
added.

Method for creating ceramic membranes. The
method of uniaxial pressing was used to form
samples of ceramic matrixes. The powders of the
ceramic matrix ingredients were thoroughly
ground in an agate mortar, weighed on an
analytical balance and thoroughly mixed until
homogenous. The resulting mixture was placed in
a mould and uniaxially pressed with a load
equivalent to 8 tons. As a result, a flat matrix with
diameter of 46 mm and a thickness of 3 mm was
obtained. The received pressed ceramic matrix
was sintered with a gradual temperature increase
of 1 °/min to 95 °C with isothermal holding time
of 30 min, at rate of 3 °/min to 350 °C and rate of
2°/min to 950 °C with further holding at this
temperature for 60 min.

The obtained matrices CM-1 and CM-2 were
checked for flexural strength [32] and porosity
[33].

Method of forming TiO: selective layer on the
ceramic matrix surface. Two types of solutions
were used to obtain a selective layer. The first
solution (solution 1) was prepared by
sequentially mixing diethanolamine (C4H1:1NO2),
titanium isopropoxide (Ti(OCsH;)4), distilled
water and glycerin (C3HgO3) in the following
volume ratios: 2: 1.5 : 1.5 : 1. The "spin-coating"
method was used to form a selective layer on the
surface of the ceramic matrix, for which the
prepared solution (solution 1 or solution 2) was
applied dropwise to the matrix during its rotation
(from 100 to 1000 rpm), 1 mL of solution was
used to apply one selective layer. Next, the
membrane samples were dried at 100 °C for 1
hour, and the next selective layer was applied
according to a similar procedure. After applying
the appropriate number of selective layers, the
membrane samples were sintered at 500 °C for 1
hour. The selection of the sintering temperature

of the selective layer is based on the following
literature sources [34-36].

Determination of membrane permeability. After
heat treatment, the membranes were checked for
permeability on a special filter laboratory unit
(Fig. 1). First, the membranes were placed in
container with distilled water and subjected to
ultrasonic treatment for 300 s, after which the
membrane was placed in a Petri dish and dried in
an oven for 30 min at 80 °C. Later, a similar
membrane-washing procedure was carried out in
an ethyl alcohol solution (70 %). The membrane
dried after washing in alcohol was installed in a
filter unit, distilled or natural water was passed
through the membrane under pressure, and the
volume of water that passed through the
membrane in 1 minute was measured.

Determination of antibacterial properties of
ceramic membranes - «Zone of Inhibition Test».
The antibacterial properties of ceramic
membranes were evaluated using the zone of
inhibition test, namely the diffusion method in
agar [24; 37]. The following cultures were used
as test microorganisms from Danylo Zabolotny
Institute of Microbiology and Virology of National
Academy of Science of Ukraine: gram-negative
bacteria Escherichia coli (UKM B-906), gram-
positive bacteria Bacillus subtilis (UCM B-506T),
and pathogenic fungi Candida albicans (mudp
mrtamy). Before the study, the test strains E. coli,
B. subtilis and C. albicans were cultured in a meat-
peptone broth for 6 hours at 37 °C. The resulting
suspensions were diluted with water to an optical
density of 0.5 on the McFarland standard scale,
which is equivalent to 1.5-108 colony-forming
units (CFU) per mL. Standardized suspensions
were inoculated onto sterile nutrient agar in Petri
dishes using a swab. Then, ceramic membranes
were placed on the agar surface. Petri dishes
were incubated at 37°C for 24 hours. An
indicator of antibacterial activity was the
presence of a zone of no growth of the test
culture around the ceramic membrane.

Determination of microbial contamination of
water samples. The colony-forming unit and
coliform index determined microbial
contamination in water/suspension samples.
Colony-forming unit (CFU) - the number of
microorganisms in 1 mL of liquid. Coliform index
- the number of coliform bacteria in 1 L of liquid.
Water was analysed before filtration and in the
filtrates. Liquid/suspension samples were
collected in sterile plastic containers with a
volume of 100 mL. Determination of the CFU and
coliform bacteria was carried out by the method
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of surface sowing of liquids on meat-peptone
nutrient agar (MPA) and Endo agar respectively,
with previous serial dilutions (100 and
1000 times) in aseptic conditions. Inoculation of
each dilution of each sample on the surface of
nutrient agar and Endo agar was carried out in
triplicate. Incubation was carried out in
thermostats at (37 + 1) °C for (24 * 2) hours and
then moved to (28 + 1) °C, where they were
incubated for another (48 % 2) hours. After
incubation, the number of microorganism
colonies was counted, the dilution was taken into
account, and the arithmetic mean value of the
number of colonies in the samples was
determined [38].

Determination of the turbidity of water samples
by the nephelometric method. The method of
determining water turbidity consisted of
measuring the intensity of light scattered at an
angle of 90° by particles weighed in a water
sample using the "Fluorat-02-3m" liquid
analyzer. A state standard sample with a turbidity
of 4000 FTU (formazin polymer turbidity units
per liter) was used as a standard to determine
turbidity [39].

Determination of the chemical oxygen demand
(COD) in water samples by the photometric
method. Determination of COD was carried out by
treating a water sample with sulfuric acid (H2S0s4,
conc.) and potassium dichromate (K.Cr.07,
C(1/6K:Cr207) = 0.05 mol/L) at 150 = 5 °C, in the
presence of a catalyst - argentum sulfate
(Ag2S04) and the addition of hydrargyrum sulfate
(HgS04), which reduces the effect of chlorides
[40]. Aliquots of water samples were placed in
vials, and a prepared solution of potassium
dichromate with a solution of argentum sulfate in
sulfuric acid was added to them in a volume ratio
of 1:1. The vials were placed in a thermoreactor
and kept at 150 °C for 2 hours. After cooling,
solution samples were poured from the vials into

cuvettes, and the optical density of the samples
was determined in the wavelength range from
340 to 380 nm using the "Fluorat-02-3m" liquid
analyzer [41].

Scanning electron microscopy study of the
matrix samples morphology. The morphology of
the obtained matrix samples was studied by
scanning electron microscopy (SEM) using a
Tescan Vega 3 LMU electron microscope (Czech
Republic).

Method of assessmentofchange in the quantity
of pollutants in water. The natural and purified
water were analyzed for suspended solids
(turbidity), chemical oxygen demand (COD) and
microbial contamination (CFU/mL) according to
the above methods. The results were evaluated
by the degree of change (X) in turbidity, organic
substances capable of chemical oxidation, and the
level of microbial contamination according to the
formula:

X =22k 100%, (1)

0
where Ao and Ax are the initial and resulting

certain optical characteristics of the solution
obtained by measurement using liquid analyzer.

Methods of statistical analysis of the obtained
results were used in the work. Namely, dilution
was considered when the CFU and coliform
bacteria were determined, and the average
arithmetic value of the number of colonies in the
samples was determined.

Results and their discussion

Study of selective characteristics of ceramic
matrices. Membranes were manufactured
according to the methodology described in the
Preparation of ceramic matrices section. The
percentage content (wt. %) of each of the main
components of ceramic matrices is shown in
Table 1.

Table 1

Composition of ceramic matrices, wt.%

SiC, % Al203, % NazB407, % (NH4)2C03, % Si02, % Kaolin, % NH HCO3, %
CM-1 55 25 10 10 - -
CM-2 20 - 5 - 10 40 25

The flexural strength and porosity of the
obtained ceramic matrices were determined
[32; 33]: CM-1 - 46.8 MPa and Ta 49 %; CM-2 -
10.5 MPaand 64 %, respectively.

Water as an object of purification was taken
from natural reservoirs of the city of Kyiv
(sample Ne 1 and sample Ne 2). Table 2 shows the
main characteristics of the raw (natural) water,
according to which the quality of its treatment

was evaluated, namely, turbidity (Nephelometric
Turbidity Unit - NTU), COD (%) and microbial
contamination (CFU/mL). Each indicator's first
and second values correspond to water samples
taken on different days, namely, 03/10/2023 and
17/10/2023.

The natural water was passed through a
matrix (ceramic matrices CM-1 and CM-2)
installed on a laboratory setup (Fig. 1).
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Table 2
Characteristics of samples of natural water
Date Sample of natural water Ne 1 Sample of natural water Ne 2
Turbidity, NTU COD, % CFU/mL Turbidity, NTU COD, X % CFU/mL
03/10/2023 11.54 1254 1.7-10% 40.72 134.10 2,3-10*
17/10/2023 19.96 24-104 22.16 142.75 4.4-104

174.63

Fig. 1. Laboratory setup for determining the permeability of a ceramic membrane: a glass vessel with a capacity of 1
L for initial water (1), reverse osmosis pump (2), manometer for measuring pressurein the system (3), filter cell (4),
a glass vessel with a capacity of 1 L for filtered water (5)

The results of removal degree studies and COD indicators in filtering water samples on ceramic

matrices are shown in Table 3.

Table 3
The removal degree of turbidity and COD reducing of natural water samples, X %
Sample of natural water Ne 1 Sample of natural water Ne 2
Sample Turbidity, X % COD, X% Sample Turbidity, X % COD, X%
CM-1 10.05 55.15 CM-1 18.22 12.60
CM-2 0 9.09 CM-2 0 6.60

The results of the studies of change in the
indicator of microbial contamination in the

process of filtering water samples on ceramic

matrices are shown in Table 4.
Table 4

The removal degree of microbial contamination of natural water samples, X %

Sample of natural water Ne 1

Sample of natural water Ne 2

CFU/mL, X %

CFU/mL, X %

CM-1 88.23

CM-1 39.13

CM-2 7.00

CM-2 8.70

The membrane permeability of CM-1 and CM-
2 ceramic matrices was 310 mL/min and
675 mL/min, respectively.

Study of selective characteristics of ceramic
matrices with applied TiO: layers. Since the CM-1
matrix showed a better reduction of all types of
investigated pollutants in water after filtration, it
was chosen as a matrix for creating membranes
with applied selective layers. The raw water was

respectively. Raw and treated water were
analyzed for suspended solids (turbidity), COD
and  microbial contamination (CFU/mL)
according to the above methods. The results were
evaluated by changes in turbidity indicators,
changes in the amount of organic substances
capable of chemical oxidation, and the level of
microbial contamination accordingto formula 1.
The results of studies of changes in turbidity

passed through the membranes made by and COD indicators in water filtration on ceramic
applying solution 1 to the CM-1 matrix, using 6 matrices with applied selective layers are
layers (CM-1.6) and 10 layers (CM-1.10), presented in Table 5.
Table 5
The removal degree of turbidity and COD reducing of natural water samples, X %
Sample of natural water Ne 1 Sample of natural water Ne 2
Sample Turbidity, X % COD, X% Sample Turbidity, X % COD, X%
CM-1.6 6.11 8.10 CM-1.6 31.00 26.00
CM-1.10 2144 12.80 CM-1.10 66.90 4543
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The study results of changes in the level of microbial contamination in the process of filtering water
on ceramic matrices with applied selectivelayers are shown in Table 6.

Table 6
The removal degree of microbial contamination of natural water samples, X %
Sample of natural water Ne 1 Sample of natural water Ne 2
CFU/mL, X % CFU/mL, X %
CM-1.6 0 CM-1.6 37.50
CM-1.10 20.45 CM-2.10 58.33

Tables 7 and 8 compare the characteristics of purified water after filtration through matrices and
membranes.
Table 7
The removal degree of turbidity and COD reducing in natural water samples after filtration on ceramic matrices and
membranes, X %

Sample of natural water Ne 1 Sample of natural waterNe 2
Sample Turbidity, X. % COD, X% Sample Turbidity, X % COD, X%
CM-1 10.05 55.15 CM-1 18.22 12.6
CM-1.6 6.11 8.10 CM-1.6 31.00 26.00
CM-1.10 2144 12.80 CM-1.10 66.90 4543

Table 8
The removal degree of microbial contamination of natural water samples after filtering on ceramic matrices and
membranes, X %

Sample of natural water Ne 1 Sample of natural water Ne 2
CFU/mL, X % CFU/mL, X %
CM-1 88.23 CM-1 39.13
CM-1.6 0 CM-1.6 37.50
CM-1.10 2045 CM-2.10 58.33

Antibacterial activity of ceramic membranes. Determination of the antibacterial activity of the
The antibacterial properties of the CM-1 ceramic CM-1 did not reveal an antimicrobial effect on the
matrix without an selective layer and with a TiO; test cultures (Fig. 2).
selective layer (CM-1.10) were investigated.

Escherichia coli Bacillus subtilis Candida albicans
Fig. 2. Determination of antibacterial action of ceramic matrix (CM-1 sample) against E. coli, B. subtilis and C. albicans
after 24 h of incubation

On the other hand, samples of CM-1.10 ceramic membrane with TiO; layer on the surface show
inhibition of E. coli growth and no growth inhibition of B. subtilis and C. albicans test cultures (Fig. 3).

Escherichia coli Bacillus subtilis Candida albicans

Fig. 3. Determination of antibacterial action of ceramic membranes with TiO: selective layer (CM-1.10 sample)
against E. coli, B. subtilis and C. albicans after 24 h of incubation
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The obtained results indicate that the
antibacterial properties of ceramic membranes
are exhibited with the appearance of TiO: on
their surface. The obtained data on the
antibacterial effect of TiO: are consistent with the
results of other authors [42]. Thus, ceramic
membranes with a TiO: selective layer show
antibacterial activity against E.coli bacteria,
which is an additional factor for increasing the
antibacterial effect of filters when purifying
water from microbial contamination.

Study of the morphology of matrix samples.
SEM images of the studied samples of CM-1 and
CM-2 matrices are presented in Figure 4. The
figure shows that the morphology of the samples
is significantly different. A granular structure

characterizes the CM-1 matrix and consists of
small particles of arbitrary shape of almost the
same size. The CM-2 matrix has a dense structure,
characteristic of clay materials, and contains
large macroporous channels. Using the GIMP
graphic editor, the estimated average pore size of
the matrices was determined, which is for
samples CM-1 - 20 pm and CM-2 - 170 pm.

The morphological structure of the CM-1 and
CM-2 matrix revealed by scanning microscopy is
consistent with the established transport

properties. It explains the difference in the
determined permeability of the CM-1 and CM-2
samples -
respectively.

310 mL/min and 675 mL/min,

Fig. 4. SEM images of matrix samples: CM-1 (a); CM-2 (b)

According to the data in Table 3, it should be
noted that the CM-1 ceramic matrix shows much
better selective properties in terms of reducing
the turbidity and COD (10.05% and 55.15%
(CM-1) respectively compared to 0 % and 9.09 %
(CM-2) for water sample N2 1 and 18.22 % and
12.60 % (CM-1) respectively compared to 0%
and 6.60 % (CM-2) for water sample Ne 2). This
effect can be explained by the difference in the
permeability values of these matrices (the

permeability of CM-1 is approximately 2 times
lower than the permeability of CM-2), which may
indicate a smaller diameter of the pores of the
CM-1 matrix compared to the CM-2 matrix or a
lower pore density per unit area of the matrix. In
addition, a lower water flow rate throughout the
matrix contributes to an increase in the contact
time of water pollutants (suspended substances
and organic molecules) with the surface of the
ceramic membrane, which, in turn, increases the
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chances of pollutants being retained in the pores
or adsorbed on the surface of the matrix due to
the formation of adsorption physical-chemical
bonds. This fact is confirmed by a significant
decrease in the indicator of microbial
contamination of purified water after the CM-1
membrane (88.23% and 39.13% for water
sample N2 1 and water sample Ne 2, respectively)
compared to a similar indicator for the CM-2
membrane (7.00 % and 8.70 % for water sample
No. 1 and water sample No. 2, respectively)
(Table 4). It can be assumed that certain types of
microorganisms in water can attach to the
dispersed colloidal suspended particles and thus
be retained on the matrix during filtration.

The study of membranes with applied
selective layers (CM-1.6, CM-1.10) showed a
logical correlation between the number of
applied selective layers on the matrix and the
degree of reduction in the investigated
parameters after filtration for water sample Ne 2
(Tables 5, 6). Thus, the more layers of the
selective layer applied, the greater the degree of
pollutant removal.

The abnormally low level of retention of all
types of pollutants under investigation on the
CM-1.6 membrane during the filtration of water
sample Ne 1 (Tables 7, 8) can probably be
associated with the occurrence of microdefects
and cracks in the membrane itself, which allowed
the unimpeded passage of water pollutants into
purified water. This assumption is well consistent
with the fact that the change in all water
parameters after filtration through the CM-1.6
membrane is small.

In addition, increasing the contact time of
microorganisms with the TiO: selective layer
helps to strengthen its antibacterial properties on
the microbial flora, which is confirmed by the
"Zone of Inhibition Test". Therefore, the CM-1
matrix was chosen to manufacture membranes
with applied selective layers, which showed
lower permeability and ensured longer contact of
natural water with the TiO: layer.

Conclusions

The article examines the efficiency of using a
matrix and a matrix with applied TiO-selective
layer to reduce turbidity, chemical oxygen
demand and the level of microbial pollution of
natural water.

Two types of ceramic matrices were
produced: CM-1 (aluminium oxide (Al»03), silicon
carbide (SiC), borax (Na:B:07), ammonium
carbonate ((NH4):C03); CM-2 (kaolin, silicon

carbide (SiC), borax (Na:Bi07), ammonium
bicarbonate (NH.HCOs), silicon oxide (SiOz)).
After filtration, the matrix efficiency for the
pollutants' removal degree of natural water in the
Kyiv reservoirs was checked. The CM-1 matrix
was more effective in the filtration process. It
shows much better selective properties in terms
of reducing the turbidity and COD (10.05 % and
55.15% (CM-1) respectively compared to 0 %
and 9.09 % (CM-2) for water sample N2 1 and
1822% and 12.60% (CM-1) respectively
compared to 0% and 6.60 % (CM-2) for water
sample N2 2). The CM-1 membrane also shows a
significant decrease in the parameters of
microbial contamination of purified water after
(88.23 % and 39.13 % for water sample N2 1 and
water sample N 2, respectively).

Conducted studies of the antimicrobial
properties of ceramic membranes with different
coatings on a number of test cultures using the
"Zone of inhibition" test showed the presence of
antibacterial action against the Gram-negative
culture of E. coli in the CM-1 membrane with a
TiO; coating. Ceramic membranes, which were
made by applying solution 1 (based on TiO2) to
the
CM-1 matrix, respectively 6 layers (CM-1.6) and
10 layers (CM-1.10), and were also investigated
in the process of filtration for changes in the
parameters (turbidity, chemical oxygen demand
and the level of microbial pollution) of natural
water in Kyiv reservoirs. The study of the CM-1.6
and CM-1.10 membranes for filtering water
sample N2 2 showed alogical correlation between
the number of selective layers applied to the
matrix and the degree of reduction of all
investigated water parameters after filtration -
the more layers applied selective layer, the
greater the reduction degree in the water
pollution according to all indicators (31.00 % and
66.90 % (turbidity), 26.00% and 45.43 %
(chemical oxygen demand), 37.50 % and 58.33 %
(the level of microbial pollution), respectively).

Thus, the work results confirm the
effectiveness of using ceramic matrices and
ceramic membranes with an applied selective
layer based on TiO2 to purify natural water,
eliminate bacterial contamination and
contamination with organic substances, and
improve the organoleptic qualities of water. The
presented results confirm the relevance of
research on the creation of new ceramic
materials and ceramic membranes, in particular,
to improve the degree of separation of
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microbiological contaminants and suspended
particles in water treatment processes.
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