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Sawdust, a solid waste generated during stone processing, poses a serious threat to the environment with its untreated accumulation. This paper first analyzes the chemical composition and physical properties of sawdust, and discusses its mechanism of action in cement mortar. By systematically optimizing the blending ratio and modification method of sawdust, the sawdust-modified cement mortar with excellent performance was prepared. This study evaluates the key performance indicators of sawdust-modified cement mortar, such as compressive strength, flexural strength, and durability, through a series of experiments. The experimental results indicate that the incorporation of an appropriate amount of sawdust significantly enhances the mechanical properties of cement mortar, while also improving its durability, particularly in terms of freeze-thaw resistance. Microstructural analysis reveals the mechanism by which sawdust improves the pore structure of cement mortar; the active components in the sawdust react with the hydration products of cement, resulting in the formation of crystalline structures with higher strength.Therefore, the use of sawdust as a modifier in cement mortar can improve its mechanical properties and durability, while simultaneously reducing the accumulation of solid waste and promoting the sustainable development of building materials.
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1 INTRODUCTION
With the extensive exploitation of global stone resources, natural resources are also showing signs of depletion, and the ecological environment is continuously being damaged. At present, the production of waste slag from the global stone industry is huge. Conducting research on the modification of cement mortar with stone industry waste slag can help reduce waste emissions (Afonso et al., 2023). Reducing the generation of solid waste and strengthening its management can effectively decrease environmental pollution, including contamination of air, water bodies, and soil, thereby reducing environmental risks. In comparison, the preparation of traditional cement mortar involves high material costs and significant energy consumption. On the other hand, most of the waste from the stone industry is considered waste materials, which can reduce the cost of raw material procurement to a certain extent. This reduction can lower the production cost of modified cement mortar, enhance material performance, and meet the performance and environmental requirements of construction projects (Bai et al., 2015). Sawdust, as a type of solid waste, when utilized as a material for modifying cement mortar, can reduce the negative impact of waste on the environment. This approach not only mitigates environmental pollution but also achieves comprehensive utilization of resources, thereby improving the efficiency of resource utilization (Agwu et al., 2019). Sawdust, as a type of waste from the stone industry, is produced in large quantities and can improve the compressive strength, flexural strength, and durability of cement mortar (Wan et al., 2018; Gupta et al., 2019). The study analyzes the physical properties, mechanical properties, and durability of modified cement mortar, thereby enhancing the engineering performance and service life of the modified cement mortar. If properly utilized, it can help promote the transformation of the stone industry towards sustainable development, fostering the development of green production and a circular economy.
In recent years, scholars have conducted extensive and in-depth research on the preparation and properties of sawdust-modified cement mortar. The main chemical components of sawdust include SiO2, Fe2O3, CaO, MgO, K2O, Na2O, etc., which can meet the needs of most construction projects (Zhao et al., 2021). In terms of performance testing and evaluation, researchers have focused on the mechanical properties and durability indicators of cement mortar (Gupta et al., 2019). Through laboratory testing methods, the performance of sawdust-modified cement mortar has been evaluated. To address the accumulation of sawdust and achieve the resource utilization of solid waste, experimental studies on the mechanical properties of composite materials and their engineering applications have been conducted (Li et al., 2024; Liang et al., 2023). Cheng and colleagues used cement, lime, and fly ash as modifying materials to study the impact of the amount and mix ratio of composite materials on the strength of modified sawdust. Based on the physical and chemical properties of sawdust, it has been improved by incorporating sawdust into composite materials with different ratios. Unconfined compressive strength tests were conducted under both water-saturated and non-water-saturated curing conditions (Li et al., 2024). Liang and colleagues systematically studied the feasibility of using sawdust to replace fly ash in ready-mixed concrete and to form a mixed sand with manufactured sand for the preparation of C30 and C40 concrete. They also discussed the impact of the proportion of sawdust on the performance of concrete. The research results indicated that the physical properties of sawdust differ from those of granite powder. As the proportion of sawdust in concrete increases, the flowability of the fresh concrete decreases, the slump loss becomes greater, the cohesion and encasement performance deteriorate, and the setting time is prolonged. The incorporation of sawdust in concrete makes it more susceptible to cracking, that is, it is more prone to early cracking phenomena (Liang et al., 2023). Wan and colleagues used sawdust to replace river sand in the preparation of autoclaved aerated concrete (AAC), and the study results showed that AAC prepared with sawdust and river sand has good thermal insulation properties. As the amount of stone sawdust replacing river sand gradually increases, the bulk density and compressive strength of the aerated concrete gradually increase (Wan et al., 2018). Dang and colleagues studied the flexural strength of beams composed of two different binders, exploring factors such as pore size, crack location, viscosity, and interfacial surface roughness. The study results indicated that cement has strong bonding strength at the interface, and other factors are more important causes of weaknesses (Dang et al., 2011). Subramanian and colleagues found that cemented sand with lower cement content can achieve similar strength to cemented clay with higher cement content (Subramanian and Ku, 2023).
Researchers have investigated the impact of various mix designs on cement mortar performance, aiming to optimize the preparation process. Zhang using granite sawdust, fly ash, and desulfurized gypsum as basic raw materials and ordinary Portland cement as the main binding material, carried out mix design through orthogonal experiments and prepared concrete blocks with different compositions using two methods: static pressing and extrusion molding. The study focused on the impact of the incorporation of various solid waste amounts on the mechanical properties of concrete and the preparation process (Zhang et al., 2023).
Sawdust contains a high amount of impurities, mixed with a large amount of crushed stone and soil, and has a complex composition, with an average content of iron and calcium reaching 3%–4%. Traditional technological processes find it difficult to utilize it in large quantities (Zhong et al., 2021). In addition to China, research in other countries mainly includes the types and properties of sawdust modifiers, optimization of preparation processes, and performance testing and evaluation (Abdellahi and Hejazi, 2015). Scholars from various countries have made various attempts, focusing mainly on the comprehensive improvement and stabilization effects of composite materials on sawdust, comparing the physical and mechanical properties of modified sawdust, and achieving the synergistic utilization of solid waste (Abbasi et al., 2020).
This study primarily investigates the chemical composition, physical properties, and particle size distribution of sawdust, analyzing its potential and feasibility as a modifying material. The research examines the impact of different sawdust contents on the basic properties of cement mortar, such as flowability. Experimental data are utilized to analyze the improvement effects of sawdust on the mechanical properties (e.g., compressive strength, flexural strength) and durability (e.g., water resistance, freeze-thaw resistance) of cement mortar. The role of sawdust in cement mortar is explored through microscopic observation and chemical analysis to understand its mechanism of action. Laboratory tests are conducted to assess its adaptability and durability under various environmental conditions, providing theoretical basis and technical support for practical applications.
2 MATERIALS AND METHODS
2.1 Experimental materials
The experimental materials used for the preparation of sawdust-modified cement mortar in this study mainly include cement, ordinary river sand, and sawdust, etc.
2.1.1 Cement
The cement used in this experiment is PI42.5 Portland cement, whose properties all meet the specifications outlined in the “General Portland Cement” (GB175–2023) standard (National Standard of the People's Republic of China, 2024). The chemical composition and various performance indicators of the cement used are shown in Tables 1–4.
TABLE 1 | Chemical analysis results and mineral composition of standard cement clinker (%).
[image: Table 1]TABLE 2 | Chemical analysis results of standard cement (%).
[image: Table 2]TABLE 3 | Physical property test results of standard cement (1).
[image: Table 3]TABLE 4 | Physical property test results of standard cement (2).
[image: Table 4]The performance test results of the benchmark mortar with mineral admixtures (additives) are shown in Table 5.
TABLE 5 | Performance test results of standard mortar with mineral admixtures (additives).
[image: Table 5]2.1.2 River sand
The apparent density of the river sand used in the experiment is 2.64 g/cm³, and the sieve residue greater than 80 μm is 11%. The main chemical composition is shown in Table 6.
TABLE 6 | Main chemical compositions of river sand used in the experiment (%).
[image: Table 6]2.1.3 Sawdust
The physical properties of the sawdust used in the experiment are presented in Table 7, and the particle size distribution is shown in Table 8.
TABLE 7 | Physical properties of sawdust.
[image: Table 7]TABLE 8 | Particle size distribution of sawdust.
[image: Table 8]2.1.4 Microstructure of sawdust
The micromorphology of the sawdust was characterized using scanning electron microscope (SEM).
As observed in Figure 1, the sawdust particles exhibit irregular shapes with varying sizes and a relatively uniform distribution. The particle sizes range from tens of micrometers to hundreds of micrometers, with some particles aggregated into clusters. The surface of the particles is generally rough, with sharp edges, likely due to mechanical cutting and grinding during the processing. Tiny cracks and pores can be observed on the particle surfaces, which may affect the physical and chemical properties of the particles. Curing conditions, such as temperature and humidity, as well as the uniformity of mixing and stirring, can all lead to the formation of pores and cracks. The interfaces between particles are relatively clear, with some particles having adhering fine particles or impurities on their surfaces. The particle size varies significantly, covering a range from tens to hundreds of micrometers, demonstrating the diversity of the particles.
[image: Figure 1]FIGURE 1 | Scanning electron microscope (SEM) test results of sawdust. (A) 500×; (B) 2000×; (C) 4000×; (D) 8,000×.
Through SEM micro testing and analysis of sawdust, the following conclusions can be drawn: the irregular shape and rough surface of the sawdust particles endow them with good adhesion and filling capacity in certain applications (Wang et al., 2022). Sawdust can also be used as a filler for building materials, a soil conditioner, or for other industrial purposes, with specific applications requiring further testing of physical and chemical properties (Zhang et al., 2024). A thorough analysis of the microstructure and chemical composition of sawdust helps to develop its recycling value and reduce the environmental impact of waste.
2.2 Preparation of sawdust-modified cement mortar
2.2.1 Mix proportioning design
The experiment was conducted in accordance with the specifications of the ‘Standard for Test Method of Basic Properties of Construction Mortar’ (JGJ/T 70–2009) (Chinese Standard, 2009) and the ‘Method of Testing Cements—Determination of Strength of Cement Mortar (ISO Method)' (GB/T 17671–2021) (Standardization Administration of China, 2021), as well as the mix proportioning design from preliminary exploratory experiments and the experience of predecessors. The water-to-cement ratio was set to 0.5, and the cement-to-sand ratio was 1:3. The incorporation rate of sawdust was varied, with dried and finely ground sawdust powder mixed into the cement mortar at rates of 0%, 5%, 10%, 15%, 20%, and 25% by the mass of cement. The mix proportioning design for the cement mortar is shown in Table 9.
TABLE 9 | Design of cement mortar mix proportions.
[image: Table 9]2.2.2 Specimen fabrication process and procedure
Figure 2 illustrates the fabrication process of sawdust-modified cement mortar.
[image: Figure 2]FIGURE 2 | Fabrication process of sawdust-modified cement mortar.
During the experimental process, a forced mixer was used to ensure the quality and uniformity of the cement mortar. Before the experiment, the bottom and sides of the mold were coated with an oil-based release agent to facilitate demolding after curing the specimens to the specified age. The ambient temperature for the experiment was approximately 25°C. When preparing the sawdust-modified mortar, cement, sand, and sawdust (0%, 5%, 10%, 15%, 20%, 25%) were first mixed in a mixer at low speed for 30 s according to the ratio. Then, an appropriate amount of water was added, and high-speed mixing was initiated for another 30 s. After that, mixing was stopped for 90 s, and during the last 15 s of the pause, the mortar on the inner wall and blades of the mixer was quickly scraped off with a rubber spatula and incorporated into the mix. Finally, after an additional 60 s of high-speed mixing, the sawdust-modified mortar was obtained. The mortar was quickly tested for flow and other properties, or it was poured into molds, demolded after setting, and then cured to the specified age before undergoing strength, water absorption, and durability tests.
2.3 Experimental methods
2.3.1 Flowability test
The flowability test of the cement mortar is conducted according to the ‘Test method for flowability of cement mortar’ (GB/T 2419–2005) (Standardization Administration of China, 2005). The sawdust-modified mortar is prepared following the process flow described in the previous sections, and the freshly mixed mortar is filled into a conical mold in two portions for the flowability test.
2.3.2 Water absorption test
The fine pore water absorption test is conducted in accordance with the German standard ‘Determination of the Water Absorption Coefficient of Construction Materials’ (DIN 52617) (Deutsches Institut für Normung, 2020). After curing the specimens to the standard age, they are placed in an oven at 70°C for 48 h. Once the specimens have cooled to room temperature, their sides are sealed, and their upper surfaces are submerged in a constant temperature water bath for the water absorption test.
2.3.3 Flexural strength test
The determination of the flexural strength of the cement mortar is conducted according to the ‘Method of Testing Cements—Determination of Strength of Cement Mortar (ISO method)' (GB/T 17671–2021) (Standardization Administration of China, 2021). Specimens of size 40 mm × 40 mm × 160 mm are placed on the supporting cylinders of the testing machine with one of their sides facing down, to perform the flexural strength test.
2.3.4 Compressive strength test
The determination of the compressive strength of the cement mortar is conducted in accordance with the ‘Method of Testing Cements—Determination of Strength of Cement Mortar (ISO method)' (GB/T 17671–2021) (Standardization Administration of China, 2021). After the flexural strength test, the remaining half-prismatic specimens are placed on the testing machine to perform the compressive strength test.
2.3.5 Water resistance test
Modified mortar specimens with dimensions of 70 mm × 70 mm × 70 mm, prepared according to the procedures described in the previous sections, are placed in a constant temperature chamber at 20°C for a 24-h soak the day before the completion of the 7 d and 14 d curing periods for batches II0, II1, II2, II3, II4, and II5. Meanwhile, batches I0, I1, I2, I3, I4, and I5, serving as control groups, are returned to the curing box for continued curing for 24 h. The water level during the soak should be 20 mm above the upper surface of the specimens. After soaking, the specimens are removed, the surface moisture is wiped off, and their appearance is observed. The water resistance specimens and the control group specimens are then subjected to a compressive strength test simultaneously.
2.3.6 Freeze-thaw resistance test
The freeze-thaw resistance test of the modified mortar is conducted in accordance with the relevant provisions of the ‘Standard for Test Method of Basic Properties of Construction Mortar’ (GB/T 70–2009) (Chinese Standard, 2009).
After the curing period, the modified mortar specimens with dimensions of 70 mm × 70 mm × 70 mm, prepared according to the procedures described in the previous sections, are removed from the curing chamber and their original appearance is inspected and recorded. Subsequently, the specimens are immersed in water at a temperature of 15–20°C for 2°days of curing, then removed and the surface moisture is wiped off. The modified mortar specimens are grouped according to the incorporation rates (0%, 5%, 10%, 15%, 20%, 25%) and subjected to freeze-thaw resistance tests.
2.3.7 Microscopic mechanism analysis test
Analysis using Scanning Electron Microscope (SEM) was conducted to verify the mechanisms predicted by the aforementioned test results and to study the impact of sawdust powder on the microstructure of cement-based materials. To obtain SEM images, modified mortar specimens were divided into groups T1, T2, T3, and T4 according to the sawdust incorporation rates (5%, 10%, 15%, 20%), with a control group T0 without sawdust addition. Small samples of approximately 10 mm × 10 mm × 10 mm were taken from the center of the cement mortar specimens after 14 days of curing, and then dried in a constant temperature oven at 70°C for 2°days before being removed. After sample preparation, the microstructures were observed under a Scanning Electron Microscope.
3 RESULTS AND DISCUSSION
3.1 Flowability test
Good flowability endows building materials with excellent engineering properties.
Figure 3 reveals that the incorporation of sawdust causes the flowability of cement mortar to first increase and then decrease. The flowability of the modified cement mortar tends to gradually increase with sawdust content from 0% to 10%, and then gradually decreases as the sawdust content exceeds 10% of the cement. When the sawdust content is 5%, 10%, and 15%, the flowability of the sawdust-modified mortar increases by 7.40%, 9.04%, and 6.57% respectively compared to the control group. When the sawdust content is 20% and 25%, the flowability of the sawdust-modified mortar decreases by 1.40% and 4.38% respectively compared to the control group.
[image: Figure 3]FIGURE 3 | The influence of different sawdust incorporation rates on the flowability of cement mortar.
The reasons for the initial increase and subsequent decrease in the flowability of modified mortar with the increase of sawdust content are as follows: The initial increase is due to the fact that sawdust is essentially a high-quality stone powder with fine particle size, dense texture, and low water absorption rate. When the particle size of sawdust is finer than that of cement, the sawdust particles fill the gaps between cement particles, improving the particle gradation of the cementitious material, which favors the flow of the paste and thus increases the flowability of the mortar (Cannone Falchetto et al., 2018). The subsequent decrease may be attributed to the addition of sawdust, which increases the mass of solids in the mortar, leading to a relatively higher proportion of solids and a relatively lower proportion of free water in the system, thereby reducing the flowability of the mortar (Walther et al., 2019). The incorporation of sawdust can enhance the fluidity of cement mortar, facilitating more uniform spreading and filling during the construction process. However, the amount of sawdust added must be carefully controlled, as an excessive amount may reduce the compressive and flexural strengths of the cement mortar, as well as potentially affecting its bonding strength and water penetration resistance.
3.2 Water absorption test
Mortar with low water absorption can reduce the penetration of harmful ions from water into its interior, decreasing the damage to the mortar’s structure, thereby enhancing the durability of construction projects.
Figure 4 indicates that after the capillary water absorption rate of the modified mortar specimens reached stability at the 7 d curing age, the capillary water absorption rate of the sawdust-modified mortar specimens first decreased, then increased, and subsequently decreased again with the increase in sawdust content. Once the capillary water absorption rate stabilized, at sawdust contents of 5%, 20%, and 25%, it decreased by 7.82%, 17.39%, and 5.63% respectively compared to the control group. At sawdust contents of 10% and 15%, the capillary water absorption rate increased by 0.77% and 5.36% respectively compared to the control group. This suggests that in this study, the influence of sawdust on the capillary water absorption rate of the cement mortar specimens has a peak value, which is around 15%, and at this content, the capillary water absorption rate of the modified mortar specimens is higher than that of the control group. After the capillary water absorption rate of the modified mortar specimens reached stability at the 14 d curing age, the capillary water absorption rate first decreased and then increased with the increase in sawdust content. It is noteworthy that compared to the 7 d curing group, the final increase is not observed.
[image: Figure 4]FIGURE 4 | The influence of different sawdust incorporation levels on the water absorption of cement mortar.
The initial increase in water absorption may be attributed to the fact that an appropriate amount of sawdust can fill the pores within the mortar, increasing its compactness, which effectively reduces the infiltration of free water and thus lowers the water absorption rate of the mortar specimens (Sivrikaya et al., 2014). The subsequent decrease in water absorption may be due to the continued increase in sawdust content, leading to a significant increase in the content of harmless and slightly harmful pores, thereby increasing the capillary water absorption rate (Wang et al., 2022). The water absorption rate decreases again possibly because, with a further increase in sawdust content, the filling effect of the sawdust itself takes the leading role again, reducing the capillary water absorption rate (Pastor et al., 2023). Finally, the increase in water absorption may occur because, with further increases in the content, the sawdust itself introduces more pores and defects, which may offset the densification effect brought by the increased content, causing the water absorption rate to rise (Asadi Shamsabadi et al., 2018). Compared with the 7 d curing group, the 14 d curing group lacks the final increase because the different curing times lead to different degrees of hydration; the hydration reaction (Lu et al., 2020) at 14°days is nearly complete, and the pore structure has become stable, so the water absorption rate no longer increases significantly with the increase in sawdust content (Wang et al., 2022).
3.3 Flexural strength test
The mechanical strength of cement-based materials directly affects the safe use and reliability of building structures. Compressive and flexural strength tests were conducted on sawdust-modified cement mortar specimens.
Figure 5 reveals that the flexural strength of sawdust-modified mortar specimens exhibits an increasing and then decreasing trend with the increase of sawdust content under different curing ages. Upon closer examination, it can be observed that at the 7 d curing age, the flexural strength of the modified mortar specimens was the highest at a sawdust content of 20%. At the 14 d curing age, the flexural strength was the highest at a sawdust content of 15%, and both were higher than that of the control group at different curing ages. When the content of sawdust powder continued to increase, the flexural strength of the modified mortar specimens showed a declining trend but remained greater than the flexural strength of the control group’s mortar specimens.
[image: Figure 5]FIGURE 5 | The influence of different sawdust incorporation levels on the flexural strength of cement mortar at various ages.
The reasons why sawdust powder can improve the flexural strength of cement mortar specimens are as follows: on one hand, the incorporation of sawdust powder can fill the pores within the mortar, slightly reducing the porosity of the specimens and increasing the compactness of the mortar, thereby enhancing the flexural strength of the mortar specimens; on the other hand, sawdust powder can act as a reinforcing material within the cement mortar, further improving the flexural strength of the mortar specimens. Moreover, the micro-aggregate effect of sawdust powder in the mortar also contributes to the enhanced flexural strength of the modified mortar specimens (Chen et al., 2021).
Additionally, it can be observed that, at the same incorporation rate, the flexural strength of the same type of sawdust-modified mortar specimens increases with the extension of the curing age, which is the result of the degree of cement hydration becoming more complete with time (Lu et al., 2020).
At a curing age of 7°days, the flexural strength of specimens with sawdust contents of 5%, 10%, 15%, 20%, and 25% increased by 10%, 11.84%, 23.95%, 35%, and 18.42% respectively. When the curing age was 14 days, the flexural strength of sawdust-modified mortar specimens with contents of 5%, 10%, 15%, 20%, and 25% increased by 25.91%, 38.84%, 41.65%, 22.28%, and 14.04% respectively; thus, the filling effect of sawdust is quite good, making the concrete structure more compact after the incorporation of sawdust.
3.4 Compressive strength test
The compressive strength of cement-based materials is closely related to their degree of compaction, and insufficient compressive strength can severely affect the quality and safety of construction projects.
Figure 6 indicates that the compressive strength of sawdust-modified mortar specimens exhibits an increasing and then decreasing trend with the increase of powder content at different curing ages. Upon closer examination, it is observed that at a 7 d curing age, the compressive strength of the modified mortar specimens is the highest at a sawdust content of 20%, and then gradually decreases with the further increase of sawdust powder content. At a 14 d curing age, the compressive strength is the highest at a sawdust content of 10%, after which the compressive strength of the modified mortar specimens gradually decreases with the increase of sawdust powder content. Moreover, at other contents, the compressive strength of the modified mortar specimens is higher than that of the control group’s mortar specimens. Therefore, the incorporation of an appropriate amount of sawdust can effectively improve the compressive strength of the specimens.
[image: Figure 6]FIGURE 6 | The influence of different sawdust incorporation levels on the compressive strength of cement mortar at various ages.
The reasons for this phenomenon are essentially the same as the influence of sawdust on the flexural strength of the mortar specimens, which is the filling effect of sawdust powder within the cement mortar (Chen et al., 2021). When the sawdust content exceeds the optimal content, the compressive strength of the modified mortar specimens begins to gradually decrease. This is because an excess of sawdust powder is prone to agglomeration. When the content exceeds the optimal value, sawdust can cause the sand to become loose and lead to an increase in the porosity of the mortar (Pastor et al., 2023), and at the same time, an excess of sawdust powder will hinder the degree of cement wrapping around the sand particles (Ma et al., 2023). These factors lead to a reduction in the compressive strength of the modified mortar specimens due to an excess of sawdust powder. Further observation of Figure 6 shows that the compressive strength of modified mortar specimens with sawdust contents of (5%, 10%, 15%, 20%, 25%) increased by 9.93%, 12.25%, 23.87%, 34.86%, 18.30% relative to the control group at a 7 d curing age, and increased by 25.88%, 41.41%, 38.70%, 13.98%, 10.06% at a 14 d curing age, respectively.
3.5 Water resistance test
Figure 7 demonstrates that with the increase of sawdust content, the compressive strength of cement mortar under both soaked and unsoaked conditions first increases and then decreases, yet remains higher than when the sawdust content is zero. Moreover, the softening coefficient is maximized at a sawdust content of 15%. For specimens with a curing age of 7°days, the calculated softening coefficient (Li et al., 2023) is 0.84 when the sawdust content is zero, and 0.93 when the sawdust content is 15%. For specimens with a curing age of 14°days, the calculated softening coefficient is 0.88 when the sawdust content is zero, and 0.95 when the sawdust content is 15%. Therefore, the incorporation of an appropriate amount of sawdust into cement mortar can improve its water resistance. The reason for this improvement is primarily due to the fine particles of sawdust, which fill the gaps between cement particles and contribute to compaction (Poulikakos et al., 2022). Additionally, some active metal oxides present in the sawdust participate in reactions that consume some unreacted soluble phosphates, thereby enhancing its water resistance (Le Rouzic et al., 2017).
[image: Figure 7]FIGURE 7 | The Effect of Water Resistance Tests on the Compressive Strength of Cement Mortar with Various Sawdust Incorporation Levels at Different Ages. (A) 7d curing; (B) 14d curing.
3.6 Freeze-thaw resistance test
The variation in strength loss ratio of sawdust-modified mortar specimens after 3, 6, and nine freeze-thaw cycles can be calculated using the strength loss ratio formula. Figure 8 indicates that after 3, 6, and nine freeze-thaw cycles, the specimens experienced minimal strength loss.
[image: Figure 8]FIGURE 8 | The Impact of Freeze-Thaw Resistance Tests at Different Ages on the Strength of Cement Mortar. (A) 7d curing; (B) 14d curing.
Figure 9 shows that after 3, 6, and nine freeze-thaw cycles, there is almost no mass loss in the specimens. Calculations using the mass loss formula indicate a mass loss rate below 5%, thus demonstrating that the freeze resistance of the mortar specimens is adequate for the number of cycles tested.
[image: Figure 9]FIGURE 9 | The mass change of sawdust-modified mortar specimens after being subjected to 3, 6, and nine freeze-thaw cycles with increasing amounts of sawdust incorporation. (A) 7d curing; (B) 14d curing.
The freeze-thaw resistance test reveals that sawdust-modified cement mortar exhibits good freeze-thaw performance, which may be due to the incorporation of sawdust improving the pore structure of the cement mortar, reducing the proportion of large pores, thereby decreasing the damage caused by the formation and expansion of ice crystals within the pores (Li et al., 2021; Pastor et al., 2023). During the freeze-thaw process, the migration of water in capillaries and the formation of ice crystals can damage the material structure (Sun et al., 2020). The optimized pore structure of sawdust-modified cement mortar may restrict the migration of water and reduce the formation of ice crystals, thereby lowering freeze-thaw damage (Zhang et al., 2022). The enhancement of freeze resistance in sawdust-modified cement mortar may be related to its chemical composition. Some active components in sawdust may react with cement hydration products to form more stable crystal structures, thus improving freeze-thaw resistance. The excellent freeze-thaw performance of sawdust-modified cement mortar makes it more suitable for use in cold regions or in environments subject to freeze-thaw cycles, providing a basis for its application in specific environments.
3.7 Microscopic mechanism analysis experiment
Specimens were observed under a Scanning Electron Microscope (SEM) to examine their microstructures.
Observing Figure 10, it can be seen that at 500 times magnification, the mortar in the control group exhibits noticeable cracks and pores. These are caused by factors such as autogenous shrinkage, hydration shrinkage, and drying shrinkage, and some are also due to the gaps between sand particles not being fully filled by cement particles, resulting in pores. These cracks and pores lead to a reduction in the strength and durability of the mortar (Luo et al., 2021). At 8,000 times magnification, a large amount of hydrated calcium silicate hydrate (C-S-H) appears in a fibrous and irregular pattern, which includes plate-like calcium hydroxide (Ca(OH)2) crystals.
[image: Figure 10]FIGURE 10 | SEM test results of Group T0. (A) 500x; (B) 8,000x.
Upon observing Figures 11–13, it can be seen that as the amount of sawdust incorporation gradually increases, at 500 times magnification, Group T1 has more pores than Group T3. This is due to the lower reactivity of sawdust, which can not fully consume the Ca(OH)2 crystals produced by cement hydration. With a lower content of sulfate ions in the system, a large amount of needle-shaped ettringite (AFt) crystals are not formed in the later stages of hydration. After the incorporation of sawdust, the amount of hydration products formed within the concrete decreases, leading to an increase in the content of gel pores (harmless pores) (Liu and Yan, 2008). However, in terms of overall pore structure, the incorporation of sawdust can optimize the pore structure of the concrete, thereby enhancing its durability. There is no significant difference in the morphology of hydration products between the control group and the sawdust-amended groups, indicating that the incorporation of sawdust has no significant impact on the hydration products.
[image: Figure 11]FIGURE 11 | SEM test results of Group T1. (A) 500×; (B) 8,000×.
[image: Figure 12]FIGURE 12 | SEM test results of Group T2. (A) 500×; (B) 8,000×.
[image: Figure 13]FIGURE 13 | SEM test results of Group T3. (A) 500×; (B) 8,000×.
Observing Figure 14, at 500 times magnification, it can be noted that Group T4 has more pores compared to Groups T3, T2, and T1. This indicates that with the continued increase in the incorporation of sawdust, the internal porosity also increases, but these are mostly harmless or slightly harmful pores (Liu and Yan, 2008), which do not significantly affect the stability of the mortar’s internal structure. At 8,000 times magnification, it is observed that with the increase in sawdust incorporation, the amount of C-S-H gel within the mortar of Group T4 increases, and the quantity of Ca(OH)2 crystals in the control group is significantly higher than in Group T4. This suggests that the addition of a large amount of sawdust leads to the production of more C-S-H gel, resulting in a denser internal structure of the mortar, reducing the occurrence of internal cracks, thereby enhancing the strength and durability of the mortar.
[image: Figure 14]FIGURE 14 | SEM test results of Group T4. (A) 500×; (B) 8,000×.
4 CONCLUSION
This study focuses on the preparation and research of sawdust-modified cement mortar. Through systematic experimental analysis and theoretical discussion, the following conclusions have been drawn:
(1) The filling effect of the fine particles in sawdust allows them to form a denser microstructure among cement particles, thereby enhancing the overall performance of the material. The proper incorporation of sawdust, especially at levels between 10% and 20%, can significantly improve the mechanical properties of cement mortar.
(2) Different types of modifiers have a markedly distinct impact on the properties of cement mortar. In this study, the chemical composition of sawdust, particularly the reactive silicon dioxide (SiO2) and calcium oxide (CaO), reacted with the hydration products of cement to form crystalline structures that enhance the performance of the material, thereby further improving the durability and freeze-thaw resistance of the modified cement mortar.
(3) Microscopic analysis indicates that the incorporation of sawdust has improved the pore structure of the cement mortar and promoted the formation of Calcium Silicate Hydrate (C-S-H) gel, thereby enhancing the material’s durability and crack resistance.
In summary, sawdust-modified cement mortar offers significant practical benefits and contributes to the reduction of environmental hazards caused by the accumulation of solid waste, as well as the advancement of sustainable green development in building materials.
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