
Ресурсо- и энергосберегающие строительные материалы и технологии                                                                          . 

246 

УДК 691.5 

CAPABILITY FOR MODIFYING UNFIRED CLAY MATERIALS WITH BIOPOLYMERS 
 

Y. Trambitski, O. Kizinievič, V. Kizinievič 
Laboratory of Composite Materials, Institute of Building Materials,  
Vilnius Gediminas Technical University, Vilnius, Lithuania 
e-mail: yahor.trambitski@vilniustech.lt 

 
The growing emphasis on sustainability in construction has drawn attention to unfired clay 

materials as environmentally friendly alternatives to conventional building materials. However, their 
physical-mechanical, hygroscopic properties and durability often require enhancement to meet 
modern performance standards. The incorporation of biopolymers has emerged as a promising solu-
tion to modify and improve these properties in clay-based materials. This study systematizes re-
search findings on the potential of biopolymers to modify clay-based materials, focusing on their 
physical-mechanical and hygroscopic properties.  
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Растущая роль устойчивого развития в строительстве привлекла внимание к не-
обожжённым глинистым материалам как экологически чистой альтернативе традицион-
ным строительным материалам. Однако их физико-механические, гигроскопические свой-
ства и долговечность часто требуют улучшения, чтобы соответствовать современным 
стандартам. Внедрение биополимеров стало перспективным решением для модификации 
и улучшения этих свойств в глинистых материалах. Данный обзор систематизирует ре-
зультаты исследований о потенциале биополимеров в модификации глинистых материа-
лов, фокусируясь на их физико-механических и гигроскопических свойствах.  
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Introduction. Unfired clay materials are gaining attention as sustainable alternatives to con-

ventional building materials due to their environmental benefits and low energy requirements [1]. 
However, their widespread application is limited by challenges related to mechanical strength, du-
rability, and hygroscopic properties. Incorporating biopolymers offers a promising solution to these 
challenges by improving the structural and moisture-regulating characteristics of unfired clay mate-
rials. This overview provides a compilation of several studies, showing the potential effect of the 
biopolymers on the number of properties of clay-based materials.  Moreover, it outlines future re-
search directions and applications, emphasizing the role of biopolymers in advancing sustainable 
construction materials. 

Main part. In the last decade, biopolymers have gained popularity for stabilizing clay-based 
materials, primarily in the construction and geotechnical sectors. Based on the literature review in 
the doctoral dissertation by Trambitski, 2024 [2], the most commonly used biopolymers for stabiliz-
ing and modifying clay-based materials can be identified (Fig. 1). 
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Figure 1. – Popularity of the different biopolymers for clay stabilization 
 

Physical properties such as plasticity, density, and shrinkage are among the most significant 
characteristics when evaluating clay materials, and the use of biopolymers has a strong impact on 
them. For example, the addition of biopolymers typically decreases the density of clay materials 
due to the incorporation of less dense organic matter into the composite (Fig. 2). However, in some 
studies [3–5], researchers observed the opposite effect—an increase in the density of the clay 
composite, attributed to the greater compaction of the plastic clay mass during molding with the 
addition of biopolymers. Most studies also note that the use of biopolymers reduces porosity, as 
polymeric networks fill voids within the clay matrix, leading to more compact (though not often 
denser) structures [6]. 

 

 
 

Figure 2. – The impact of most common biopolymers (xanthan and guar gums)  
on compaction density of the unfired clay materials [7-10] 
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Plasticity, a critical parameter for processing and shaping, is often improved through the in-
corporation of polysaccharides like xanthan gum and guar gum, which enhance water retention and 
create a more cohesive and pliable mixture [11]. However, the type and concentration of the bi-
opolymer significantly affect this property, as excessive amounts may lead to overly sticky mixtures. 
Shrinkage, a major concern in unfired clay materials, is generally reduced with biopolymer stabiliza-
tion, as the hydrophilic nature of biopolymers moderates water loss during drying, minimizing 
cracks and deformation [12]. This combined impact on density, plasticity, and shrinkage under-
scores the potential of biopolymers to improve the processability and dimensional stability of un-
fired clay materials.  

Modification of the microstructure of clay materials through the formation of polymeric 
bridges and three-dimensional networks within the clay matrix is critical for enhancing both me-
chanical strength and durability. Studies [13–16] have demonstrated increases in the compressive 
strength of clay-based materials stabilized with various types of biopolymers, ranging from 32% to 
344%. Depending on their nature, different biopolymers tend to bind clay aggregates either 
through "direct", or "indirect" contacts, basing on hydrogen bonding, electrostatic interactions, 
cross-linking mechanisms and etc. [15; 16]. 

The addition of biopolymers significantly improves the hygroscopic properties of UCBM by in-
creasing their ability to adsorb/retain moisture (Fig. 3). For example, biopolymers such as xanthan gum 
and guar gum form hydrogel networks within the clay matrix, which absorb and retain water, thereby 
enhancing moisture buffering capacity [17]. These properties are particularly advantageous for main-
taining indoor air quality in unfired clay buildings, as they help stabilize ambient humidity levels. 
 

 
 

Figure 3. – The impact of biopolymers on moisture buffering capacity  
of the clay-based materials [4; 5; 18] 

 
The uniform distribution of polysaccharides within the clay matrix contributes to improved in-

teraction with ambient humidity, ensuring better hygroscopic performance [12]. The interaction of 
polysaccharides with water molecules is mediated by hydrogen bonding, a process critical for stabili-
zation or modification of unfired clay materials. Polysaccharides, rich in hydroxyl groups, readily form 
hydrogen bonds with water, creating a network that binds moisture within the clay matrix [19; 20]. 
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The use of biopolymers in UCBM aligns with the principles of sustainable construction by re-
ducing reliance on energy-intensive materials and processes. Modified clay materials can be em-
ployed in a range of applications, including unfired masonry products, plasters, and insulation pan-
els. Their improved mechanical and hygroscopic properties make them suitable for both structural 
and non-structural uses. 

Conclusions. The capability of biopolymers to modify unfired clay materials represents  
a transformative step toward sustainable and high-performance building materials. By enhancing 
physical-mechanical and hygroscopic properties, biopolymers address critical limitations of tradi-
tional unfired clay-based materials, such as low durability and susceptibility to water damage. Bi-
opolymers, with their versatility and compatibility with clay, offer immense potential for advancing 
the field of sustainable construction. Their incorporation into clay-based materials not only im-
proves material properties but also supports the development of eco-friendly, resilient, and cost-
effective building solutions for the future. 
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