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Abstract. The article presents the results of a study on the use of diatomite in
ceramic mixtures for the production of high-efficiency wall ceramics. It was established
that diatomite samples contain both micro- and mesopores, as well as H3-type
hysteresis loops, which confirm their high porosity. The average pore sizes were
determined to be 1.5 nm for micropores and 4.4 nm _for mesopores. The study identified
the main patterns of change in the physical and mechanical properties of ceramic
samples depending on the diatomite content at a firing temperature of 1000 °C.
Increasing the diatomite content to 50% (by reducing the clay content to 50%) led to a
significant decrease in average density and compressive strength. The average density
decreased from 1.8 g/cm? to 1.23 g/cm?, while the compressive strength decreased from
15.2 MPa to 9.6 MPa. At the same time, the total porosity of the samples remained at
approximately 53%. A considerable reduction in the thermal conductivity coefficient—
from 0.8 to 0.31 W/(m-°C). A comparative analysis of the physical and mechanical
properties of the studied ceramic compositions with those of ceramics based on pure
clay revealed substantial differences across all property indicators. The samples
produced from the modified ceramic composition exhibited a lower average density
and more than twice the overall porosity. It was determined that ceramic samples fired
at 1000 °C form a sintered microporous structure characterized by low average
density, reduced thermal conductivity, and satisfactory compressive strength and water
absorption values.
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Anparna. Makanadoa muimoi Kabvip2a KepamukacvlH any YuliH Kepamukaiblk
maccanap KypamviHoa Ouamomummi KoJOaHy OOUblHWia 3epmmey Hamudicenepi
Kenmipineen. Juamomum yacinepinoe Muxkpo dicaHe me3onopaiap 0Oap exenoiei
AHBIKMANObL, COHBIMEH KAmap Hco2apul KeyeKkminikmiy 0aneni oonvin madbviiamoin H3
munmi eucmepesuc iamexmepi oap. Muxponopanapoviy opmawa monwepi -1,5 Hm,
mezonopanap-4,4 um. Kytioipy memnepamypacwvr 1000 0C kezinoe ouamomummiy
KYpamelHa — OQUIaHblcmbl — KepaMUKAnulK  yacinepOiy — QQusuUKa-mMexaHuKaivlk
KacuemmepiHiy 632epyiniy Hecizel 3aHobLIbiKkmapsl anvlkmanovl. Caszoviy 50% - ea
Oetiin memenoeyine obaiinanvicmul ouamomummiy 50% - 2a Oeuin d#coapvliayvl
opmawia mviebi30bIKMblY AUMAapabiKmai memeHoeyine JHcoHe Kbicy OepikmiciHiy
memenoeyine akendi. Opmauia mol2vi30biKmuly momenoeyi 1,8 e/cm3-men 1,23 2/cm3-
Ke Oellin, an Kvicy depikmiciniy memenoeyi 15,2 Mlla-oan 9, 6 Mlla-z2a oOetiin. Byn
Jocagoauioa yaeinepoiy xcannvl Keyekminiei 53% Oeneetiinde caxmanaowl. Kviny
emkizeiumix Koag@uyuenminiy kepcemxiuwmepiniy momenoeyi oe 0.8-0en 0.31 Bm/
M 0C-gka Oeiiin manwviz0wl). Taza caz HeeiziHOe2i KepaMUKANLIK — YiciiepmeH
CanbICMbIPRAHOA — KepaAMUKANLIK —~ MACCanapobly — 3epmmenemin  KYpamoapblHbIH
yaeinepiniy (puzuKka-mexaHukaivlk Kacuemmepiniy 032epyin CaiblCmblpMaibl Maioay
bapavly  Kacuemmep Kopcemkiwimepi OOUbIHWA —AUMApPILIKMal —oe32epicmepoi
Kepcemmi. 3epmmenemin KepamMuKauivlk Maccaza Heeizoeneen yaciiep opmauia
MbILI30LIKMBIY  MOMEHOEYIHe JiCIHe JHCAANbl KeyeKminikmiy 2 ecedeH acmam
JHCORAPBLINAYLIHA  UE. 1000 0C memnepamypa unmepganviHoa KyuoipiieeH
KepamuKkaniwlk —yiaciiep opmawuia mvlebl30blebl MOMEH, JICbLLY  OMKI32iUmiK
K03 puyuenmi dicone cvlblMOay MeH CcyOwl CIHIpY Ke3iHOe KaHa2ammaHapivlk
bepikmix Kepcemkiwmepi 0ap a2nlomMepayusiaHean MUKPOKeYeKMi CblHbIK OO0Jbln
MaobLIAmMbIHbL  AHLIKMANObL.  JJuamomummi KONOAHy OaublH OHIMHIY Oepikmik
Kepcemkiwmepin cakmati Omvlpvln, OUAMOMUM CUAKMbL IHCOAPbL KeYeKMiNiKmi
KaMmamacevls emnetmin apHaiisl Kyuoipemin Kocnamel eHeizyoi 0Oondvipmayza
MYMKIHOIK bepeoi.

Tyilin ce3aep: oJuamomum, Kepamuxaivlk MAccanap, KeyeKmiiiK, HCuliy
OMKI32IUMIK, Mblebl30blK, OepIKmIK.
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AHHOTAuus. B cmamve npedcmasieHvl pe3yibmamvl UCCIE008AHUSA NO
UCNONIL308AHUIO OUAMOMUMA 8 COCMABe Kepamuyeckux macc O NOLyYyeHus
aghghexmuenoii cmenosol Kepamuku. Ycmanoenena, umo 6 odpasyax ouamomuma
uMelomes Kaxk MUKpo, mak u Me30nopbl makxdce umeromcs nemiau cucmepesuca H3
muna, 4mo Ae1Aemcs 00Ka3amenbcmeom 6vlcokou nopucmocmu. Cpeonuii pasmep
Mukponop cocmaensiem -1.5 Hm, me3zonop — 4.4um. Ycmanoenewwvt ocHoéHvle
3AKOHOMEPHOCMU — USMEHeHUs  (DUBUKO-MEXaHUYeCKUX C8OUCME  KepamMuieckux
00pazyo8 8 3a8UCUMOCIIU OM COOEPHCAHUL OUAMOMUMA NPU memnepamype 00xcuea
1000 0C. Veenuuenus codepacanus ouamomuma oo 50% 3a cuem ymeHbuleHUs]
coldepacanus enunvl 0o 50% npusenu K 3HAUUMENbHOMY CHUMNCEHUI0 CpeoHell
NJIOMHOCMU U CHUMCEHUI0 nokasameneti npouynocmu npu cxcamuu. CHudcenue
cpeonell niomuocmu cocmasagem om 1,8 2/cm3 0o 1,23 2/cm3, a crudicenue npedena
npounocmu npu cocamuu cocmasasem omlS,2 MIla oo 9, 6 MIla. [Ipu smom obwas
nopucmocms 00pasyos coxpansemcs Ha yposue 353%. CuudiceHue noxazamenell
Koaghpuyuenma mennonpogoonocmu maxoice snavumenvuovl om 0.8 0o 0.31 Bm/ m
0C). Cpasnumenbhwili aHaAIU3 USMEHEHUS (PUBUKO-MEXAHUUECKUX CBOUCME 00pA3Y08
ucciedyemvlx Ccocmaso8 Kepamudeckux MAcC NO CPABHEHUN) C KepamMuyecKUMu
obpazyamu Ha OCHOGe YUCMOU UMbl NOKA3ANU CYUeCmBeHHble USMEHEeHUs N0 8CeM
noxazamensim ceovicme. Oo6pazyvl HaA OCHOBe UCCAE0YEMOU KepaMUYECKOU MACCbl
061a0aem NOHUNCEHHOU CpeoHell NIIOMHOCMbIO U NOBbIULEHHOU 00ujeli NOPUCHOCMbIO
bonee yem 2 paza. Ycmawnosneno, umo Kepamuueckue odOpasyvl, 000HCIHCEHHbIE 8
uumepeane memnepamyp 1000 0C npedcmaensaiom ¢ coboll cnedeHHblll
MUKDONOPUCMBILL  YepenoK 001a0aiowumMu  HUSKUMU — NOKA3amensamu  cpeoHell
niomuHocmu,  Kod(uyuenma menionpo8oOOHOCMU U YOOBIemMEOPUMETbHIMU
nokazamensiMu NPOYHOCMU NpU cxcamuu u odonociowjeHus.. Hcnonvzosamnue
ouamomuma no360Jislem UCKIIOYUMb 88edeHUe CNeyUudibHOU 8bleoparoweti 000asKu,
Komopbvle He obecneuugaem CMOb BbICOKVIO NOPUCIOCMb KAK OUAmMoMum npu
COXpaHeHUuU NPOYHOCMHBIX NOKA3ameJel 20mo8o2o NPoOYKma.
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ICHCPAaTUBHOI'O MCKYCCTBCHHOI'O HMHTCIIICKTA W TCXHOJIOI'MH, OCHOBAaHHBIC Ha HMCKYCCTBCHHOM
HMHTCIIJIICKTC.
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1 INTRODUCTION

The demand for energy-efficient construction materials has stimulated extensive research into
lightweight wall ceramics with improved thermal insulation performance. Conventional ceramic
bricks, despite their durability and fire resistance, are often characterized by relatively high density
and thermal conductivity, which limits their application in energy-saving building envelopes. One of
the most effective approaches to improving the thermal performance of ceramic materials is the
formation of a porous structure, which reduces bulk density and heat transfer while maintaining
sufficient mechanical strength through controlled sintering processes (Bordia et al., 2017; Dal et al.,
2020; Galan-Arboledas et al., 2017; Pimraksa & Chindaprasirt, 2009).

Naturally porous mineral additives have attracted increasing attention as alternatives to
conventional pore-forming agents. Diatomite, a biogenic siliceous material with low intrinsic density
and a highly developed micro- and mesoporous structure, has demonstrated strong potential for the
production of lightweight ceramic materials. Previous studies have shown that incorporating
diatomite into clay-based ceramic bodies can significantly reduce density and thermal conductivity
and modify firing behavior, although the final properties strongly depend on composition and
processing conditions (Dal et al., 2020; Galan-Arboledas et al., 2017; Pimraksa & Chindaprasirt,
2009). Despite these advances, the influence of diatomite content on the firing properties and
performance of wall ceramics requires further investigation. Therefore, the present study aims to
evaluate the effect of diatomite addition on the firing behavior and key physical and thermal
properties of wall ceramics fired at 1000 °C.

2 LITERATURE REVIEW

Actions in the fields of climate, environmental protection, and the efficient use of raw materials
and resources represent some of the most significant challenges facing modern society. Against this
background, the construction sector must adapt to new materials and systems to ensure
environmentally sustainable development (Moldamuratov et al., 2022, 2023; Zhakipbayev et al.,
2025). This requires research aimed at minimizing energy consumption in new buildings while also
reducing energy use in existing structures subject to renovation (Alhazmi & Anand, 2025; Nazari
et al., 2025).

Various researchers have studied the physical, mechanical, and thermal properties of bricks
incorporating waste materials such as agricultural residues, paper, wood, plastics, ash or slag, sludge
powder, or dried sludge from wastewater treatment plants (Ediz et al., 2010; Vasconcelos et al.,
1998). Many of these studies have focused on increasing porosity as a means of producing thermally
insulating ceramic materials.

The successful development of the construction industry is closely linked to the production of
high-performance wall ceramics. The key measures for enhancing the efficiency of wall ceramics
include reducing density and thermal conductivity by increasing the porosity of the ceramic body and
the hollowness of products, improving mechanical strength, accelerating technological processes, and
reducing production costs (Ibraimbayeva et al., 2023; Zhapakhova et al., 2023).

Materials exhibiting these properties belong to the LEEENDT class (lightweight, eco-friendly,
economical, non-combustible, durable, and technologically advanced). It should be noted that in the
near future, ceramics with such unique characteristics are expected to play a leading role in
sustainable construction (Baidrakhmanova et al., 2023; Yestemessova et al., 2023).

In the production of ceramic materials, achieving these properties is possible through the
formation of a porous ceramic structure. Solving this problem requires the development of innovative
technologies for new ceramic compositions that utilize non-traditional raw materials to achieve both
resource and energy savings—not only during production but also throughout the material’s service
life.

Enhancing the thermal insulation properties of building envelopes is among the most pressing
tasks in modern materials science. This challenge is directly related to the development of new raw
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material compositions aimed at producing structural and insulating materials with improved thermal
performance (Dos Reis et al., 2020).

Recently, there has been a sharp increase in demand for new energy- and resource-efficient
porous and hollow ceramic materials that significantly reduce raw material consumption and energy
costs during drying and firing. The challenge of developing such materials lies in adapting modern
technologies to locally available raw materials, as well as the absence of clear criteria for raw material
selection and established scientific and technological foundations for their production.

In developed countries, increasing the porosity of ceramic materials has made it possible to
substantially reduce their average density and achieve thermal conductivity values as low as 0.14—
0.18 W/(m:-°C).

The characterization of pore structure in ceramics commonly involves parameters such as total
porosity, open and closed porosity, capillary and permeable porosity, effective and channel porosity,
tortuosity and structural factors, pore size and distribution, mean pore diameter, specific surface area,
gas permeability, and water permeability. Among these, porosity, pore shape, and pore size are of
primary importance. In ceramic materials, pore sizes can vary widely—from fractions of a nanometer
to several millimeters.

A considerable number of studies in various scientific and industrial fields have addressed
porosity. However, the mechanisms of pore formation and the final structure of porosity in building
ceramics remain insufficiently studied (Barbieri et al., 2013).

One promising approach to addressing this issue is the use of siliceous rocks such as diatomite
and tripoli, which are abundant in the western regions of the Republic of Kazakhstan. Owing to their
unique properties, siliceous rocks are increasingly used in the production of building materials, as
sorbents for water purification (Bilgin et al., 2012; Gao et al., 2025), and in veterinary applications
for the production of bioactive feed additives with therapeutic and preventive effects (Brodskii &
Urbakh, 1976; Brodskiy & Urbakh, 1977; X. Huang et al., 2025).

In (Chojnacka, 2010), the main aspects of producing artificial ceramic binders (ACB) based
on natural (quarry) and heat-treated diatomite were examined. The process of obtaining ACB was
investigated, and its rheological and physico-mechanical properties were analyzed. It was established
that ACB derived from raw diatomite exhibits thixotropic rheological behavior, while ACB obtained
from heat-treated diatomite demonstrates thixotropic-dilatant characteristics. Implementing such a
production technology can reduce molding moisture during the manufacturing of diatomite-based
products and improve their quality while decreasing production costs compared to traditional
methods.

Other studies (Peretokina et al., 2023) have reported the use of diatomite in producing heat-
resistant ceramic concretes. Thus, extensive scientific and practical research is being conducted
worldwide on the application of diatomite in various industries due to its unique properties. As a
result, diatomite-based materials are successfully utilized in many countries for the production of
diverse products. However, in Kazakhstan, diatomite remains insufficiently studied for the
development of high-efficiency building materials.

Therefore, the aim of this study is to establish the scientific foundations for producing efficient
wall ceramics by incorporating diatomite into clay-based compositions.

3 MATERIALS AND METHODS

For the scientific and experimental research, the raw materials used included clay from the
Pogodayev deposit in the West Kazakhstan region and diatomite from the “Zhalpak™ deposit in the
Aktobe region.

To determine the local elemental composition of the raw material samples, scanning electron
microscopy (SEM) was employed using a JSM-6390LV microscope equipped with an energy-
dispersive microanalysis system. The chemical elemental composition was analyzed using
inductively coupled plasma mass spectrometry (ICP-MS) with an Agilent 7500cx spectrometer. The
mineralogical composition was determined by X-ray diffraction (XRD) analysis using an X'Pert PRO
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MPD diffractometer, while phase composition studies were performed with a DRON-3 X-ray
diffractometer.

Thermal conductivity of the ceramic samples was measured using the ITP-MG-4 “ZOND”
thermal conductivity analyzer. The porosity and micro-/mesopore characteristics of the diatomite
samples were investigated using a high-performance 3Flex automated gas sorption analyzer
(Micromeritics, USA). Prior to measurement, all samples were degassed on a SmartVacPrep system
(Micromeritics, USA) equipped with a fore-vacuum pump under the following conditions:

— Temperature 90 °C for 60 min;

— Temperature 180 °C for 1200 min;

— Pressure < 0.02 Torr.

After degassing, the samples were weighed to account for mass loss and then subjected to
additional surface purification on the 3Flex-e analyzer under the following conditions:

— Temperature 180 °C for 600 min;

— Pressure < 0.00004 Torr.

Analysis of the obtained pore structure data revealed that all adsorption isotherms correspond
to Type IV, indicating the presence of both micro- and mesopores. Additionally, the occurrence of
H3-type hysteresis loops was observed, which is characteristic of aggregates of plate-like particles
forming slit-shaped pores.

Based on the results, it can be concluded that the diatomite samples contain both micro- and
mesopores, along with H3-type hysteresis loops—evidence of high porosity. The average pore sizes
were determined as 1.5 nm for micropores and 4.4 nm for mesopores.

In its natural form, the clay from the Pogodayev deposit appears as dark gray fragments. Its
greasy texture to the touch indicates high plasticity. Compared with tripoli (opaline rock), this clay
exhibits a denser structure. However, the fracture surfaces show intergranular macropores (Figure 1,
Table 1).

Figure 1 — Crushed particle morphology and macroporous structure of montmorillonite clay from the Pogodayev
deposit: (a) crushed clay particles (particle size 10-25 mm); (b) macroporous structure of the clay in fracture view
(magnification x50) (authors material)

Table 1
Chemical composition of clay from the Pogodayev deposit

Oxide content, wt.%
Si02 Al203 CaO MgO Fe203 SO3  Na20 Impurities

61,51 17,06 227 3,21 6,36 127 3,57 6,75

Name of raw material

Clay — Pogodayev
deposit

The microstructure, spectra, and chemical elemental composition of the montmorillonite clay
from the Pogodayev deposit are presented in Figure 2 and Table 2.
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Specter 1 Specter 1

Full scale 7946. Cursor: 0.000

Figure 2 — Microstructure and spectra of the clay from the Pogodayev deposit (authors material)

Table 2
Chemical elemental composition of montmorillonite clay from the Pogodayev deposit (authors material)
Name of
chemical C 0] Na Mg Al Si S K Ca Ti  Mn Fe Total
elements
0.65 0.49 5.39 100

947 4822 0.68 125 9.10 2285 0.23 2.10 0.21

Content, %

According to the results of X-ray phase analysis (XRD) (Figure 3), the mineralogical
composition of the clay is predominantly represented by montmorillonite with the following
interplanar spacings (d/n=5.06, 4.46,3.79, 3.06,2.45,2.28,2.12,1.97, 1.81, and 1.67 A). In addition,
the clay contains quartz (SiO2) with d/n = 4.24, 3.34, 2.45, 2.28,2.12, 1.98, 1.81, 1.66, and 1.33 A;
hematite (Fe20s) with d/n =2.69, 1.83, 1.68, and 1.59 A; and hydromica with d/n = 3.21, 2.57, 2.12,

and 1.49 A.

P
e
L]
L]
4
h
T
i
(4.3
s

1
[\
159
L4
1
(11]
i
L]]

Figure 4 — Porous structure of diatomite from the “Zhalpak™ deposit:
(a) magnification 1000, (b) magnification X950, (c) magnification x3000, (d) magnification x4300 (scanning electron
microscope JSM—IT200) (authors material)
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It should be noted that microscopic observations (Figure 4) indicate that the main mass of the
rock is composed of globular opal with a low refractive index, within which clay matter and a small
amount of terrigenous impurities are uniformly distributed. In the opaline matrix, organic inclusions
are observed, represented mainly by remnants of sponge spicules and diatom algae.

Some diatom shells are well preserved, clearly showing their characteristic cell-like, reticulate
structure. Thus, the studied diatomite consists not only of mineral but also of biological components.
The biological fraction of the tripoli rock includes sponge spicules and diatoms.

To determine the crystalline phases of the diatomite, X-ray diffraction analysis was performed
using a D8 ENDEAVOR diffractometer (Bruker, Germany) within the 20 range of 8-64° (Figure 5).

& 2

20N 0 I oo I 0

2000

1000

Figure 5 — X-ray diffraction pattern of diatomite from the “Zhalpak” deposit, Aktobe region (authors material)

As a result of X-ray phase analysis, it was established that the diffraction pattern of the raw
diatomite (Figure 2) shows the most characteristic quartz line with an interplanar spacing of 3.34 A.
Several distinct lines typical of amorphous SiO: are also present, with interplanar spacings of 2.55
and 4.24 A, as well as lines with spacings of 4.47, 4.05, and 3.78 A, indicating the presence of
montmorillonite in the sample.

The obtained results are consistent with findings reported by other researchers, confirming that
diatomite is a lightweight, soft, light-colored sedimentary rock composed mainly of siliceous micro-
shells of single-celled algae—diatoms—characterized by a wide variety of shapes and sizes, typically
ranging from 10 to 200 nm in diameter. The main component of these siliceous shells is amorphous
hydrated silica (opal) with varying water content (Si02-nH20) (Galal Mors, 2010; Qi et al., 2025;
Zhang & Wang, 2006).

4 RESULTS AND DISCUSSION

For the experimental study, the compositions of the raw material mixtures were selected within
the following concentration limits of the components, wt.%: clay — 50-90, diatomite — 10-50. The
investigated compositions are presented in Table 3.

Table 3
Studied compositions of ceramic mixtures (authors material)
Name of raw materials

Ne Compositions

Clay Diatomite
0 100 -
1 90 10
2 80 20
3 70 30
4 60 40
5 50 50

* Note: Composition No. 0 refers to the ceramic sample without diatomite addition.
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The preparation of the raw mixture for obtaining the ceramic mass was carried out in the
following sequence. Clay and diatomite were first crushed using a laboratory crusher to obtain a
particle size of less than 1 mm. The resulting clay and diatomite powders were then weighed
according to the studied compositions (Table 3) and loaded into a laboratory mixer for dry blending.
After achieving a homogeneous mixture, water was added, and the components were thoroughly
mixed again to form the ceramic mass.

The molding moisture content of the ceramic mass ranged from 23% to 30% of the dry
components’ weight. Cylindrical samples with dimensions of 50x50x50 mm were formed from the
prepared ceramic mass by plastic molding (Figure 6).

Figure 6 — Laboratory green cylindrical samples (authors material)

The molded cylindrical samples were dried in a drying oven at a temperature of 80—85 °C until
a residual moisture content of 8—-10% was achieved.

The dried (green) cylindrical samples were then fired at a temperature of 1000 °C in a laboratory
muffle furnace, with a heating rate of 150 °C per hour. The holding time at the final temperature was
1 hour. After firing, the samples were left in the switched-off furnace to cool naturally to room
temperature (Figure 7).

Figure 7 — Laboratory heat-treated cylindrical samples at a temperature of 1000 °C (authors material)

The heat-treated cylindrical ceramic samples were subjected to physical and mechanical testing
in accordance with standard procedures.

The key physical and mechanical properties selected for evaluation—characterizing the
efficiency of the samples—included average density (g/cm?), compressive strength (MPa), water
absorption (%), total porosity (%), and thermal conductivity (W/(m-°C)).

For comparative analysis, control samples were simultaneously prepared using ceramic masses
composed solely of pure clay without diatomite additives (composition No. 0).

Analysis of the physical and mechanical properties of the samples fired at 1000 °C made it
possible to determine the main trends in their variation depending on the component composition
within the studied raw material system (Figure 8).

198



QazBSQA Xatapusbicbl. Ned (98), 2025. KypbLibic

17.5F
15.0F — 14.5
13.7
£ 125}
11.2
2 10.5
~ 10.0} 9.6
5!
o 7.5F
s
o S5.0f
2.5}
&P 1 2 3 4 5
Composition number
(a)
2.00
18 60

175

50}

167
154
1.50 142
135

125 123 a0}

30}
0.75

20}
0.50

10+
0.25

0]

aad o 1 2 3 4

Composition number

Average density, g/cm3
8
Water absorption, %

—_
60 | )
O.
53 E
50} a8 = 0.8}
N =
-~ 41 -
2 40} 38 f) 0.6}
B £ o
o 32 =
3 30t S
2 =
= 23 ‘g 0.4}
3 20+ 53
= =
10} g er
o
=
%10 1 2 3 a 0.0

Composition number

(@)

28

52

37
33
n I I
2 <) 4
Composition number

(©)

0.71
0.63
0.41
0.36
I I 0.31
1 2 3 4 5
Composition number

(e)

Figure 8 — Dependence of physical and mechanical properties on the composition of ceramic samples fired at 1000 °C:
(a) compressive strength (MPa), (b) average density (g/cm?), (c) water absorption (%), (d) total porosity (%), (e)
thermal conductivity (W/m-°C) (authors material)

As shown by the obtained results, the lowest values of average density and thermal conductivity
coefficient were achieved for composition No. — containing 50% diatomite and 50% clay. In this case,
the maximum total porosity reached 53%. It should be noted that despite the high total porosity and
low average density, the heat-treated samples exhibited a relatively high compressive strength 0f 9.6
MPa. The obtained data are consistent with studies conducted by other researchers on the formation
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of porous structures in ceramic masses using pore-forming additives (Han et al., 2025; J. Huang et
al., 2025). Increasing the diatomite content to 50% while reducing the clay content to 50% led to a
significant decrease in average density (from 1.8 g/cm?to 1.23 g/cm?) and compressive strength (from
15.2 MPa to 9.6 MPa), while maintaining a total porosity of 53%. The reduction in thermal
conductivity was also substantial —from 0.8 to 0.31 W/(m-°C). The increase in total porosity was
confirmed by a corresponding rise in water absorption, ranging from 28% to 52%. A comparative
analysis of the physical and mechanical properties of the studied ceramic compositions versus those
based solely on pure clay revealed significant differences across all parameters: the samples
containing diatomite demonstrated more than twice the porosity and lower average density. These
effects can be explained by the fact that clay promotes sintering of the ceramic mass, while diatomite,
due to its natural structure, contributes to additional pore formation. Thus, as an additive, diatomite
imparts lightness and porosity to the ceramic material (Bao et al., 2024; Labandero et al., 2025). As
a result, the ceramic samples fired at 1000 °C formed a sintered microporous body characterized by
low average density, low thermal conductivity, and satisfactory compressive strength and water
absorption values (Figure 9).

Figure 9 — Macrostructure of the ceramic sample heat-treated at 1000 °C: (a) surface of the ceramic sample
(magnification x10), (b) cross-section of the central part of the ceramic sample (magnification %20), (c) same central
part of the ceramic sample (magnification x50), (d) same central part of the ceramic sample (magnification x100)
(Levenhuk 320 Series microscope) (authors material)
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Under the microscope, both micro- and macropores, as well as intergranular pores, are clearly
visible—these are interconnected as a result of the sintering of clay and diatomite. Moreover, the
overall porosity is enhanced due to the naturally high porosity of diatomite. It should be noted that,
in traditional ceramic brick technology, special combustible additives are typically introduced to
achieve porosity and reduce the average density. However, the use of diatomite eliminates the need
for such additives, as it provides a much higher level of porosity while maintaining the strength
characteristics of the final product.

5 CONCLUSIONS

The present study investigates the potential of diatomite as a functional additive in ceramic
compositions for the production of lightweight, energy-efficient wall materials. Diatomite, owing to
its highly porous siliceous structure, can significantly influence the microstructural and
thermophysical properties of ceramics. The research focused on analyzing the chemical-
mineralogical composition and pore characteristics of diatomite, followed by evaluating its impact
on the physical, mechanical, and thermal performance of ceramics at various replacement levels of
clay. The experimental results provide insights into optimizing diatomite-based formulations to
achieve a balance between strength, porosity, and thermal insulation, contributing to the development
of advanced porous ceramics for sustainable construction applications.

1 The chemical-mineralogical and porous structure of diatomite was studied to assess its
suitability for use in ceramic compositions. It was established that the diatomite samples contain both
micro- and mesopores, along with H3-type hysteresis loops, confirming high porosity. The average
pore sizes were 1.5 nm for micropores and 4.4 nm for mesopores;

2 The main patterns of variation in the physical and mechanical properties of ceramic samples
depending on the diatomite content at a firing temperature of 1000 °C were identified. Increasing the
diatomite content to 50% (while reducing the clay content to 50%) led to a significant decrease in
average density and compressive strength. The average density decreased from 1.8 g/cm?® to 1.23
g/cm?, and the compressive strength decreased from 15.2 MPa to 9.6 MPa, while total porosity
remained at 53%. The reduction in thermal conductivity was also considerable—from 0.8 to 0.31
W/(m-°C);

3 A comparative analysis of the physical and mechanical properties of the studied ceramic
compositions versus those based solely on pure clay revealed substantial differences across all
parameters. The samples produced from the modified ceramic compositions exhibited lower average
density and more than twice the total porosity;

4 It was determined that ceramic samples fired at 1000 °C form a sintered microporous body
characterized by low average density, reduced thermal conductivity, and satisfactory compressive
strength and water absorption values. The use of diatomite eliminates the need for special combustible
additives, which do not provide as high a level of porosity as diatomite, while maintaining the required
strength properties of the final product.
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