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Abstract. This study investigates diatomite-based silica ceramics designed for low thermal conductivity, using diatomite 

from the Utesai deposit (Aktobe region, Kazakhstan) and loam from the Romanovskoye deposit (West Kazakhstan region, 

Kazakhstan) as a modifying additive. The raw diatomite is characterized by high porosity and low thermal conductivity, 

while the ground fraction shows favorable technological behavior for ceramic processing, including low drying 

sensitivity. Calcination at 950 °C increases density and thermal conductivity, indicating partial densification. Silica-

ceramic specimens were produced by plastic and semi-dry molding and fired at 950 °C, both from pure diatomite and 

from a diatomite-loam composition. The results show that 10% loam addition improves the fired structure: density and 

strength increase, whereas water absorption and total shrinkage decrease, with only minor changes in thermal 

conductivity. The combined trends demonstrate the feasibility of producing lightweight silica ceramics with improved 

integrity while maintaining heat-insulating performance. 
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1. Introduction  

 

Diatomite is a biochemical rock belonging to the group of siliceous stones [1], consisting of 

minerals of the silicon oxide group - opal - amorphous silica [2]. Diatomite deposits are stratiform in 

shape, and in some cases, they have the form of flattened lenses with a relatively consistent thickness 

[3]. Diatomite can be characterized as a loose or cemented siliceous rock, white or light gray in color, 

consisting of more than 50% of diatom shells, containing 70-98% silica, with high porosity up to 75% 

and low bulk density from 420 to 1250 kg/m3 [4]. It is used as a hydraulic additive for the production 

of Portland cement, lightweight concrete, ceramic and thermal insulation products, filler for the 

production of plastics, rubber, and paints [5]. 

The construction industry is currently focused on expanding its raw material base through the 

use of low-plasticity clays, loams, opal-cristobalite, and other silica-containing rocks [6]. In this 

regard, the industrial use of diatomite is based on a number of its physical and chemical properties 

that allow it to be used as a multi-purpose raw material, such as sound and heat conductivity, 

resistance to chemical reactions, and fire resistance [7]. 

[8] studied the effect of firing temperatures of 900, 1000, and 1100 °C on the transformation 

of the silicon dioxide phase during the manufacture of ceramic products from diatomite. 

Diffractometry results confirm the suitability of diatomite for the production of ceramic, construction, 

and thermal insulation materials. According to [9], the effect of the elastic modulus of diatomite on 

porosity varies in the range from 240 to 50 MPa when the porosity of the medium changes from 20 

to 60%, and the tensile strength of the material changes by ≈ 10 MPa with a change in porosity. 

To obtain porous silica ceramics with firing temperatures of 1000, 1150, and 1300 °C, [10] 

used diatomite with an additive of boric acid in an amount of up to 2 %, which had a positive effect 
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on pore distribution. Studies of modified samples [11] of silica ceramics using clay, diatomite, and 

boric acid additives showed that the resulting materials had a low Young's modulus, which means 

they can be deformed under forces that negatively affect their strength. 

According to [12], silica ceramics obtained at a firing temperature of 1000 °C had a 

compressive strength of 20.96 MPa and a thermal conductivity coefficient of 0.29 W/(m·K). In other 

studies, the strength was 35 MPa with a thermal conductivity coefficient of 0.16 W/(m·K) [13] and 

50 MPa [14]. 

While previous studies have made progress in the physical and mechanical properties of silica 

ceramics, they mainly used firing temperatures of 1000 °C and above, which leaves a potential for 

reducing energy losses, an important aspect currently. Therefore, this research aims to develop a 

technology for the production of silica ceramics designed to minimize heat exchange between the 

environment and the interior of buildings and structures, with low heating and ventilation costs. The 

research results are important for the application of diatomite, a unique natural material, in providing 

high-quality building materials for civil and industrial buildings and structures. 

 
2. Methods 

 

This study incorporated a diatomite from the Utesai deposit (Aktobe region, Kazakhstan) as a 

main siliceous raw material, and a loam from the Romanovskoye deposit (West Kazakhstan region, 

Kazakhstan) as a modifying additive. 

To determine the physical properties of the diatomite rock, cubic specimens (100 mm edge 

length) were prepared by sawing from diatomite pieces. The average density [15] was determined by 

weighing using ACS electronic scales (HUADE Ltd., Shanghai, China). Thermal conductivity [16] 

was measured using an ITP-MG-4 ZOND device (“Special Design Bureau Stroypribor” LLC, 

Chelyabinsk, Russia). For ceramic-technology studies, diatomite pieces were ground to obtain a 

fraction with particle sizes <2 mm (Figure 1) using an MShL-1 laboratory ball mill (NPK Mekhanobr-

Technika, St. Petersburg, Russian Federation). To evaluate the effect of high-temperature treatment 

on diatomite properties, the <2 mm diatomite fraction was fired at 950 °C in an EKPS 50/1300 electric 

furnace (Smolensk SKTB SPU, Smolensk, Russia), producing calcined diatomite (i.e., thermolite). 

 

  
Figure 1 – Finely ground (left) and fired (right) diatomite 

 

Silica-ceramic laboratory specimens were produced as Ø50 mm × 50 mm cylinders. For 

forming and testing operations, an LO-257 mold (RNPO RusPribor LLC, St. Petersburg, Russia) and 

a PGM-50MG4 press (SKB Stroipribor LLC, Chelyabinsk, Russia) were used (Figure 2). Two 

forming routes were used [17]: plastic molding and semi-dry molding. Specimens were produced 

from (i) 100% diatomite and (ii) a mixture of 90% diatomite + 10% loam (by mass). After shaping, 

specimens were dried in an SNOL 67/350 unit (Smolensk SKTB SPU, Smolensk, Russia) and then 

fired at 950 °C in an EKPS 50/1300 electric furnace. 
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Figure 2 – Compression test of samples 

 

For diatomite, the following properties were determined [18]: average density and thermal 

conductivity (rock cubes), bulk density, thermal conductivity, plasticity coefficient, adhesion 

(stickiness), and drying sensitivity coefficient (ground fraction). 

For thermolite (calcined diatomite), bulk density and thermal conductivity were determined 

after firing at 950 °C. 

For fired silica-ceramic specimens, the following properties were determined: average 

density, compressive strength, thermal conductivity, water absorption, and total shrinkage for both 

forming routes (plastic and semi-dry) and for both compositions (0% and 10% loam). 

 
3. Results and Discussion 

 

The diatomite rock shows (Table 1) a consistently low average density (~950 kg/m³) coupled 

with low thermal conductivity (~0.132 W/(m·K)) and very high porosity (~64%). Such a combination 

is characteristic of highly porous siliceous materials: the pore network reduces heat transfer, while 

also limiting mechanical load-bearing capacity. The small spread between replicate samples indicates 

stable properties for the studied diatomite source. 

 

Table 1 – Physical properties of diatomite (100 mm rock cubes) 
Sample Average density, kg/m3 Thermal conductivity, W/(m·K) Porosity, % 

1 948 0.131 64.1 

2 952 0.133 63.9 

3 950 0.132 64.0 

Average value 950 0.132 64.0 

 

For ceramic processing, the diatomite fraction (<2 mm) remains lightweight (bulk density 

~410 kg/m³) and shows very low thermal conductivity (~0.098 W/(m·K)), consistent with its highly 

porous structure (Table 2). The plasticity coefficient (~5.88), low adhesion (~8.8 g/cm²), and very 

low drying sensitivity (~0.173) indicate that this diatomite fraction is weakly adhesive and relatively 

insensitive to drying, which is technologically favorable (less risk of drying cracks and less sticking 

to tooling). In contrast, loam is much denser (1425 kg/m³) and much more thermally conductive (0.84 

W/(m·K)). It also has a substantially higher plasticity coefficient (15.6) and adhesion (22.3 g/cm²), 

meaning it can function as a binder/plasticizing component. However, its high drying sensitivity 

coefficient (1.8) implies that loam-rich bodies would be more prone to drying defects if drying is not 

controlled. Therefore, using loam as a limited additive is logically consistent: it can improve 

shaping/green strength and firing behavior without fully inheriting the drying risks of loam. 
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Table 2 – Comparison of average technological properties: diatomite vs loam 
Material Bulk density, 

kg/m3 

Thermal conductivity, 

W/(m·K) 

Plasticity 

coefficient 

Adhesion, 

g/sm2 

Drying sensitivity 

coefficient 

Diatomite 410 0.098 5.88 8.8 0.173 

Loam 1425 0.84 15.6 22.3 1.8 

 

After firing the diatomite fraction at 950 °C, the bulk density increases markedly to ~725 

kg/m³, while thermal conductivity rises to ~0.11 W/(m·K), as shown in Table 3. This increase is 

expected: firing reduces the open porosity and increases solid-phase connectivity (densification 

and/or partial sintering), which improves heat conduction through the solid skeleton. In practical 

terms, calcination shifts the material from an extremely porous powder to a denser, thermally more 

conductive product. 

 

Table 3 – Bulk density and thermal conductivity of thermolite (calcined diatomite at 950 °C) 
Sample Bulk density, kg/m3 Thermal conductivity, W/(m·K) 

1 725 0.11 

2 726 0.12 

3 724 0.10 

Average value 725 0.11 

 

Table 4 shows the properties of silica ceramics produced by plastic molding. 

 

Table 4 – Physical and mechanical properties of plastic-molded silica ceramics 

 
Composition Average 

density, kg/m3 

Strength,  

MPa 

Thermal 

conductivity, W/(m·K) 

Water 

absorption, % 

Complete 

shrinkage, % 

Diatomite 918.5 100 0.11 55 5.6 

Diatomite (90%) and loam (10%) 1015.5 110 0.112 45 4.2 

 

As is seen from Table 5, for plastic-molded silica ceramics fired at 950 °C, ceramics based on 

100% diatomite show an average density of 918.5 kg/m³ and thermal conductivity of ~0.11 W/(m·K). 

Water absorption is high (55%), indicating a significant fraction of open pores, which is consistent 

with the raw diatomite’s porous nature. Introducing 10% loam increases density (to 1015.5 kg/m3) 

and strength (from 100 to 110), while reducing water absorption (from 55% to 45%) and total 

shrinkage (from 5.6% to 4.2%). The direction of these changes is internally consistent: loam likely 

promotes stronger particle bonding and a more continuous fired structure (better packing and/or 

formation of binding phases during firing), which reduces the volume of interconnected open pores. 

Thermal conductivity increases only slightly (from 0.11 to 0.112), which is expected when density 

increases and porosity decreases. 

Table 5 shows the properties of silica ceramics produced by semi-dry molding. 

 

Table 5 – Physical and mechanical properties of semi-dry molded silica ceramics 
Composition Average 

density, kg/m3 

Strength,  

MPa 

Thermal 

conductivity, W/(m·K) 

Water 

absorption, % 

Complete 

shrinkage, % 

Diatomite 1014.2 75 0.11 48 6.7 

Diatomite (90%) and loam (10%) 1086.5 83 0.112 42 4.8 

 

As is seen from Table 5, semi-dry molded ceramics show higher densities than plastic-molded 

ones for both compositions (1014.2 vs. 918.5 kg/m3 for pure diatomite; 1086.5 vs. 1015.5 kg/m³ for 

the loam-containing mix). Correspondingly, water absorption is lower (48% vs. 55% for pure 

diatomite; 42% vs. 45% for the loam mix), which aligns with the denser structure. However, strength 

is lower for semi-dry molded samples than for plastic-molded samples (75 vs. 100 for pure diatomite; 

83 vs. 110 for the loam mix), and total shrinkage is higher (6.7 vs. 5.6; 4.8 vs. 4.2). Interpreting these 

results together suggests that higher “bulk density” from semi-dry molding does not automatically 
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translate into higher mechanical performance; likely because strength is influenced not only by 

density but also by how uniformly particles bond and whether defects (e.g., lamination planes, 

incomplete interparticle contact, microcracking from constrained shrinkage) form during 

forming/drying/firing. Plastic molding can provide more uniform particle rearrangement and 

bonding, which may explain the higher measured strengths despite slightly lower densities. As in 

plastic molding, adding 10% loam improves the semi-dry results: density increases (from 1014.2 to 

1086.5), strength rises (from 75 to 83), and water absorption drops (from 48% to 42), while shrinkage 

decreases (from 6.7% to 4.8). This supports the same functional role of loam as a 

reinforcing/structure-forming additive in fired bodies. 

Across all datasets, the key controlling factor is porosity: the raw diatomite’s very high 

porosity explains its low thermal conductivity, but it also leads to high water absorption in fired 

ceramics unless the structure is partially densified. Calcination increases density and thermal 

conductivity, indicating pore reduction and stronger solid connectivity. 

For fired silica ceramics at 950 °C, the 10% loam addition consistently improves performance 

in both forming routes: it increases density and strength while reducing water absorption and 

shrinkage. This combination is technologically important because it indicates that small loam contents 

can enhance the integrity of the fired structure without causing a large penalty in thermal conductivity 

(only a slight increase is observed). 

When comparing forming routes, semi-dry molding produces denser bodies with lower water 

absorption, but the measured strength is lower, and shrinkage is higher than for plastic molding. For 

applications where mechanical reliability is critical, the plastic-molding route appears more favorable 

based on the strength results reported, while semi-dry molding may be more suitable when lower 

water absorption (via higher density) is prioritized, especially when combined with a loam additive. 

 
4. Conclusion 

 
The investigated Utesai diatomite is a highly porous siliceous raw material (porosity ≈64%), 

which explains its low thermal conductivity (≈0.132 W/(m·K)) at a relatively low average density 

(≈950 kg/m³). In ground form (<2 mm), diatomite remains lightweight (bulk density ≈410 kg/m³) and 

thermally efficient (≈0.098 W/(m·K)) while showing low drying sensitivity, indicating good 

technological suitability for ceramic processing. Firing at 950 °C converts the diatomite into a denser, 

thermally more conductive product (thermolite: bulk density ≈725 kg/m³; thermal conductivity ≈0.11 

W/(m·K)), consistent with partial densification and reduced open porosity. 

Silica ceramics fired at 950 °C demonstrate that both the forming route and composition 

govern the balance between strength and moisture-related properties. Adding 10% loam to diatomite 

consistently improves performance in both plastic and semi-dry molding: density increases (by ~7-

11%), strength rises (by ~10-11% as reported), water absorption decreases (by ~12-18%), and total 

shrinkage reduces (by ~25-28%), while thermal conductivity changes only slightly (from ≈0.11 to 

≈0.112 W/(m·K)). Comparing forming routes, semi-dry molding yields higher density and lower 

water absorption, whereas plastic molding provides higher strength for the studied compositions. 

Overall, a diatomite-based body with a limited loam addition (10%) is the most balanced option 

among those tested, enabling low thermal conductivity alongside improved structural integrity and 

reduced water uptake. 

 
References 

[1] T. B. Zdorik, V. V. Matias, I. N. Timofeev, and L. G. Feldman, “Mineraly i gornye porody SSSR,” Moscow, Russia: 

Mysl, 1970, p. 439. 

[2] P. V. Smirnov et al., “Diatomites and opoka from western Kazakhstan deposits: lithogeochemistry, structural and 

textural parameters, potential of use,” Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering, vol. 

334, no. 7, pp. 187–201, July 2023, doi: 10.18799/24131830/2023/7/4046. 

[3] M. N. Baranova, S. F. Korenkov, and N. G. Chumachenko, “The History of Development of Siliceous Rocks,” 

Stroitel’nye Materialy, no. 8, pp. 4–7, 2011. 



Technobius, 2025, 5(4), 0091  

 

[4] A. S. Avramenko, M. V. Cherepanova, V. S. Pushkar’, and S. B. Yarusova, “Diatom characteristics of the Far East 

siliceous organogenic deposits,” Russian Geology and Geophysics, vol. 56, no. 6, pp. 947–958, June 2015, doi: 

10.1016/j.rgg.2015.05.010. 

[5] R. V. Sadakova, “Use of diatomite in agriculture,” Youth and science, no. 2, p. 49, 2015. 

[6] A. Yu. Stolboushkin, “Perspective Direction of Development of Building Ceramic Materials From Low-Grade 

Stock,” Stroitel’nye Materialy, vol. 758, no. 4, pp. 24–28, 2018, doi: 10.31659/0585-430X-2018-758-4-24-28. 

[7] M. A. Smirnov, “Penodiatomitovyj kirpich, osobennosti i primenenie,” in Proceedings of the IV Mezhdunarodnyj 

studencheskij stroitelnyj forum, Tver, Russia: Tver State Technical University, 2019, pp. 331–334. 

[8] A. Šaponjić et al., “Porous ceramic monoliths based on diatomite,” Ceramics International, vol. 41, no. 8, pp. 9745–

9752, Sept. 2015, doi: 10.1016/j.ceramint.2015.04.046. 

[9] M. Kokunesoski et al., “Macroporous monoliths based оn natural mineral sources, clay аnd diatomite,” Sci Sintering, 

vol. 52, no. 3, pp. 339–348, 2020, doi: 10.2298/SOS2003339K. 

[10] Skvortsov A. A., Nikolaev V. K., Luk’yanov M. N., and Chebeneva I. E., “On the issue of deformation and 

destruction of porous ceramics based on diatomite,” Physics of the Solid State, vol. 65, no. 1, p. 120, 2023, doi: 

10.21883/PSS.2023.01.54985.485. 

[11] C. Nnaji, B. Afangideh, and C. Ezeh, “Performance evaluation of clay-sawdust composite filter for point of use water 

treatment,” Nig. J. Tech., vol. 35, no. 4, p. 949, Sept. 2016, doi: 10.4314/njt.v35i4.33. 

[12] Kazan National Research Technological University, L. N. Nazharova, T. R. Shakirov, and Kazan National Research 

Technological University, “Ceramic materials with adjustable thermal insulation properties,” Herald of 

Technological University, vol. 26, no. 12, pp. 107–113, 2023, doi: 10.55421/1998-7072_2023_26_12_107. 

[13] E. I. Dudina and A. R. Smagina, “Izgotovlenie diatomitovogo penolegkoves,” in Proceedings of the XIII 

Mezhdunarodnyj molodezhnyj forum, Belgorod, Russia: Belgorod State Technological University named after V.G. 

Shukhov, 2021, pp. 1590–1594. 

[14] L. N. Nazharova, E. N. Filippovich, A. V. Skvorcov, and A. R. Valiullova, “Vliyanie diatomita i produktov ego 

pererabotki na obzhigovye svojstva keramicheskih izdelij,” Herald of Technological University, vol. 15, no. 20, pp. 

87–89, 2012. 

[15] GOST 17177-94 Thermal insulating materials and products for building application. Test methods, IPK Izdatelstvo 

standartov. Moscow, Russia, 1994. 

[16] GOST 30256-94 Building materials and products. Method of thermal conductivity determination by cylindrical 

probe, IPK Izdatelstvo standartov. Moscow, Russia, 1994. 

[17] GOST 530-2012 Ceramic brick and stone. General specifications, Standartinform. Moscow, Russia, 2013. 

[18] GOST 21216-2014 Clay raw materials. Test methods. Moscow, Russia: Standardinform, 2015. 

 

 

Information about authors: 

Azamat Taskaliev – Master of Technical Sciences, Lecturer, Department of Architecture and Civil 

Engineering, West Kazakhstan Innovation and Technological University, Uralsk, Republic of 

Kazakhstan, taskalievazamat@mail.ru  

Bekbulat Shakeshev – Candidate of Technical Sciences, Rector, West Kazakhstan Innovation and 

Technological University, Uralsk, Republic of Kazakhstan, bekshakeshev@mail.ru 

Kanat Narikov – Candidate of Technical Sciences, Lecturer, Department of Architecture and Civil 

Engineering, Uralsk, Republic of Kazakhstan, knarik1969@mail.ru 

Beksultan Idrisov – Master of Technical Sciences, Lecturer, Department of Architecture and Civil 

Engineering, West Kazakhstan Innovation and Technological University, Uralsk, Republic of 

Kazakhstan, beksultan.idirisov@mail.ru  

Kamar Dzhumabaeva – Master of Technical Sciences, Lecturer, Department of Architecture and 

Civil Engineering, West Kazakhstan Innovation and Technological University, Uralsk, Republic of 

Kazakhstan, zhumabaeva12.02.88@gmail.com  

 

Author Contributions:  

Azamat Taskaliev – concept, project making, analysis. 

Bekbulat Shakeshev – resources, methodology. 

Kanat Narikov – project making, editing. 

Beksultan Idrisov – data collection, visualization. 

Kamar Dzhumabaeva – testing, interpretation. 

 

Conflict of Interest: The authors declare no conflict of interest. 

mailto:taskalievazamat@mail.ru
mailto:bekshakeshev@mail.ru
mailto:knarik1969@mail.ru
mailto:beksultan.idirisov@mail.ru
mailto:zhumabaeva12.02.88@gmail.com


Technobius, 2025, 5(4), 0091  

 

 

Use of Artificial Intelligence (AI): The authors declare that AI was not used. 

 

Received: 13.10.2025 

Revised: 22.12.2025 

Accepted: 23.12.2025 

Published: 25.12.2025 

 

 
Copyright: @ 2025 by the authors. Licensee Technobius, LLP, Astana, Republic of Kazakhstan. 

This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY-NC 4.0) license (https://creativecommons.org/licenses/by-nc/4.0/). 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

