
XXII Congresso Brasileiro de Mecânica dos Solos e Engenharia Geotécnica 

XI Simpósio Brasileiro de Engenheiros Geotécnicos Jovens 

24 a 28 de agosto de 2026 – Brasília/DF 

SM soils and biochar in landfill cover layers: Sustainable potential 

for containment works 

Jaquelynne C. Amorim 

Ph.D. Student, UFCG–UFPE, Campina Grande, Brazil, jaquelynne.amorim@gmail.com 

Maurício Alves da Motta Sobrinho 

Full Professor, UFPE, Recife, Brazil, mauricio.motta@ufpe.br 

Derovil Antônio dos Santos Filho 

Postdoctoral Researcher, UFG, Goiânia, Brazil, derovil.santos@ufg.br 

Ph.D. Viviane Farias Silva 

Professor, UFCG, Campina Grande, Brazil, viviane.farias@professor.ufcg.edu.br 

ABSTRACT: The search for sustainable practices in geotechnical engineering has encouraged the use of 

residual materials in environmental containment works. In sanitary landfills, slope stability and the 

performance of cover layers are essential to ensure waste containment, control infiltration, and mitigate gas 

emissions, especially under critical climatic conditions. With the increasing occurrence of extreme events, the 

response of these layers must also be evaluated under more severe scenarios, which may compromise their 

long-term efficiency. This study evaluated soils from two areas of the Campina Grande Sanitary Landfill 

(ASCG), classified as silty sand (SM), regarding their suitability as barrier materials in surface layers and 

slopes. Biochar, obtained from the gasification of wood waste, was characterized by BET, XRD, and 

SEM/EDS, aiming at its incorporation into the soil. The results indicated a material with high porosity, 

amorphous carbon, and a microstructure favorable to water retention and gas adsorption, contributing to the 

reorganization of the pore structure, increased tortuosity, and control of fluid flow. Geotechnical tests showed 

soils with good compaction and permeability on the order of 10⁻⁷ m/s, consistent with barrier function. The 

addition of biochar increased the liquid limit, indicating improvement in hydraulic behavior. The results 

suggest that the controlled incorporation of biochar contributes to infiltration control, gas retention, and slope 

stability under wetting–drying cycles, with technical and environmental benefits. 
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1  INTRODUCTION 

The final cover layer of sanitary landfills plays an important role in controlling infiltration, gas 

emissions, odors, erosion, and in supporting vegetation cover, maintaining the environmental and structural 

integrity of the system (Kamaruddin et al., 2021). However, factors such as biogas generation, waste 

decomposition, and moisture variations may compromise stability, causing settlements and consolidation 

(Bonaparte et al., 2020). 

The use of biochar in cover soils has been investigated to improve geotechnical properties. This 

carbonaceous material, produced by the pyrolysis of organic residues under limited oxygen conditions, 

presents high porosity, large specific surface area, thermal stability, and water retention capacity, enhancing 

soil performance (Zhang et al., 2020). 

From a geotechnical perspective, biochar addition can increase apparent cohesion, reduce maximum dry 

density, and improve water retention, contributing to erosion control and to mechanical and hydraulic behavior 

under climatic variations (Li et al., 2020; Ng et al., 2022). In addition, it can act as an adsorbent, retaining 

toxic compounds and reducing gas emissions such as methane (Nanda et al., 2016). Its effects vary according 

to soil type, feedstock, pyrolysis conditions, and applied proportion, requiring further full-scale studies (Sikiru 

et al., 2024). 

This scenario becomes more critical with the increasing frequency of extreme climatic events, which 

impose severe wetting–drying conditions. In semi-arid regions, cover soils often exhibit low water retention 

and high susceptibility to cracking, compromising long-term performance (Boscov, 2008; Catapreta et al., 

2016). 
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In this context, the incorporation of materials with high porosity and water retention capacity has been 

investigated. The use of biochar has gained attention due to its ability to improve the physical, chemical, and 

environmental properties of soils (Downie et al., 2009; Gonzaga et al., 2019). From a physical standpoint, its 

porous structure allows void filling, modifying density, porosity, and infiltration (Abrishamkesh et al., 2015). 

Chemically, it influences soil pH, provides nutrients, enhances contaminant adsorption, and improves cation 

exchange capacity (Glaser et al., 2002). 

In soil–biochar mixtures, changes in dry density, optimum moisture content, shear strength, and 

permeability are observed, depending on soil characteristics and applied proportion (Kong et al., 2021). 

Biochar promotes aggregate formation, increases interparticle friction, and improves shear strength, reducing 

erosion. It can also reduce permeability, favoring soil stabilization and its application in hydraulic barriers and 

slopes (Zhang et al., 2019). 

Beyond mechanical and hydraulic effects, soil–biochar mixtures can reduce gas emissions and promote 

methane oxidation. Its porous structure creates a favorable environment for methanotrophic bacteria, 

contributing to CH₄ degradation (Yaghoubi, 2011). Biochar derived from lignocellulosic residues, such as 

wood, presents higher fixed carbon content, thermal stability, and structural rigidity, providing advantageous 

structural and adsorptive properties (Lehmann and Joseph, 2015; Zhang et al., 2019). It is recognized for 

improving soil properties, adsorbing pollutants, and reinforcing soil–biochar mixtures (Inda and Bayer, 2018). 

A sustainable alternative is the use of wood waste from discarded school furniture for biochar 

production. Pyrolysis produces a porous material capable of improving soil properties, increasing water 

retention, and contributing to carbon sequestration (Li et al., 2021), while promoting circular economy and 

waste management (Zhang et al., 2020). 

Studies highlight the potential of biochar in modifying geotechnical parameters (Rajakaruna et al., 2020; 

Zhang et al., 2022). Sadasivam and Reddy (2015) correlated mechanical properties with physicochemical 

characteristics, while Kinney et al. (2012) analyzed hydrological properties such as water retention. 

In this study, the biochar was produced from wood residues, presenting high surface area, porous 

structure, and adsorption capacity (Guo et al., 2016; Hussain and Ravi, 2022). Its incorporation can modify 

soil pore structure, influencing water retention, permeability, and shear strength (Reddy et al., 2015; Chorbani 

et al., 2024). The characterization of these mixtures involves granulometry, Atterberg limits, compaction, 

permeability, and shear strength tests, allowing the assessment of their suitability for different applications. 

Therefore, this study evaluates the geotechnical behavior of soils used in cover layers and slopes of a 

sanitary landfill in the semi-arid region of Paraíba, as well as the potential incorporation of biochar, focusing 

on fluid flow control and slope stability. 

2  MATERIALS AND METHODS 

Study Area – Campina Grande Landfill, State of Paraíba, Brazil 
The study area corresponds to the Campina Grande Sanitary Landfill (ASCG), located in a semi-arid climate 

region, characterized by alternating periods of drought and intense rainfall events. These conditions impose 

additional challenges on the performance of cover layers, particularly regarding the maintenance of surface 

integrity and flow control. 

2.1  MATERIALS 
Two soils were analyzed: Both were classified as silty sand (SM), according to the Unified Soil 

Classification System (USCS). 

• Soil A: collected from the final cover layer, in an area defined by Souza (2021) with higher gas emission

rates;

• Soil B: collected from an intermediate slope layer.

• Biochar: produced from the gasification of wood waste from discarded school furniture. The thermal process

resulted in a carbonaceous material with typical biochar characteristics, including high porosity and the

presence of amorphous carbon.

• Mixture Preparation: A soil–biochar mixture was prepared, containing 3% biochar by mass incorporated

into Soil A, based on previous studies indicating this proportion as intermediate for evaluating initial effects

(Marques et al., 2020; Yu et al., 2021).

2.2  METHODOLOGY 
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3 RESULTS AND DISCUSSION 

The material shows a predominance of amorphous structure, with the presence of secondary crystalline 

phases such as quartz (SiO₂) and carbon domains with partial graphitic organization (Georgin et al., 2020; 

Salomon et al., 2022). The carbonaceous matrix is characterized by a disordered structure, typical of biochars 

derived from lignocellulosic biomass, with contributions associated with lignin and cellulose (Meili et al., 

2019a, 2019b). This structural configuration, with the absence of long crystalline domains, is common in 

materials subjected to high-temperature carbonization processes (Li et al., 2022). 

The structural organization, composed of amorphous regions interspersed with graphitic domains, is 

associated with high porosity and a heterogeneous distribution of micropores and mesopores (Crini et al., 2008; 

Tomassoni et al., 2020). These characteristics favor adsorption processes due to the increased surface area and 

the presence of active sites (Salomon, 2021), contributing to the retention of gases such as CO₂ and CH₄ (Peres 

et al., 2020; Liu et al., 2021). 

BET analysis indicated that the biochar has a specific surface area of 330.3 m²/g and a total pore volume 

of 0.1934 cm³/g, with an average diameter of approximately 1.847 nm, characterizing a predominantly 

microporous structure with contribution from mesopores (Mohammadnezhad et al., 2019). These results are 

consistent with materials of high adsorption capacity, in which microporosity favors gas molecule retention 

by diffusion (Abuelnoor et al., 2021; Li and Lan, 2024). Although the obtained surface area is lower than 

maximum values reported for activated carbons under controlled conditions, it falls within the typical range of 

biochars produced by physical activation (Nazem et al., 2020). 

Morphological analysis reveals a heterogeneous and interconnected structure, with cavities and 

discontinuities associated with the carbonization process, consistent with the development of micropores and 

mesopores indicated by BET analysis (Kelm et al., 2019). Complementary EDS analysis confirmed a high 

carbon content (94.1%), reinforcing the carbonaceous nature of the material. This combination of composition, 

morphology, and pore distribution indicates that the thermal process was sufficient to produce a material with 

relevant adsorption potential. 

From a geotechnical perspective, this structure tends to influence properties such as moisture retention, 

permeability, and shear strength in soil–biochar mixtures, in addition to contributing to gas retention in landfill 

cover layers (Huang and Xu, 2024; Chorbani et al., 2024). The results indicated that the analyzed soils exhibit 

typical behavior of silty sand materials, with a predominance of sandy fractions and fine content close to the 

recommended limit for cover applications (CETESB, 1993; USEPA, 2004). The addition of biochar increased 

the fine fraction content, allowing the material to meet normative limits. Soil A presented approximately 

28.36% fines, while the mixture with 3% biochar reached 30.1%. 

Soils A and B showed liquid limits (LL) of 22% and 19%, respectively, below the minimum of 30% 

recommended by CETESB (1993), reflecting the silty sand nature and low water retention capacity of the 

materials. Although the natural soil fine content is slightly below the recommended minimum, studies indicate 

that soils with fine fractions between 15% and 30% can perform satisfactorily in cover layers when properly 

compacted (Benson et al., 2001; Kameyama, 2012). The Figure 1 illustrates the consistency limits of the 

natural soils and the soil–biochar mixture.  

In this context, the incorporation of biochar promoted an increase in the liquid limit from 22% to 26%, 

associated with its high specific surface area, porous structure, and water retention capacity (Yang et al., 2014; 
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Zanutel et al., 2024; Lee et al., 2021), reducing liquid percolation and the potential for leachate generation, as 

well as contributing to surface erosion control. 

Figure 1 – Liquid limits of soils A and B and of the mixture Soil A + biochar 

Although the materials remain non-plastic (NP), this variation indicates a change in hydraulic behavior, 

influencing suction, response to wetting and drying cycles, volumetric behavior, and shear strength. The 

increase in the liquid limit suggests improved hydraulic behavior, potentially reducing susceptibility to 

cracking, especially in semi-arid environments (Mirmongereh et al., 2023). 

This modification has implications for slope stability, as increased water retention favors continuity of 

the medium and reduces crack formation, helping to control preferential flow paths and maintain surface 

integrity (Mirmongereh, Pakbaz, and Sasani, 2023). Furthermore, biochar tends to alter void distribution and 

permeability, influencing pore pressure dissipation and the balance between strength and deformation (Huang 

and Xu, 2024). However, these effects tend to be more pronounced at contents above 5%, indicating that the 

addition of 3% promotes moderate changes, with potential intensification at higher dosages (Wong et al., 

2016). 

The grain size distribution results indicate soils classified as silty sand (SM), with a predominance of 

sandy particles and the presence of fines that influence hydraulic and mechanical behavior. This composition 

presents limitations, such as low water retention and a higher tendency to crack during drying periods (Boscov, 

2008; Catapreta et al., 2016). Pinto (2006) highlights that soils with good grain size distribution exhibit better 

compaction performance, forming denser and more stable structures. 

Grain size heterogeneity is desirable in cover layers, as it influences water retention, shear strength, 

crack formation, permeability, and response to moisture variations (Araújo, 2016; Lima et al., 2019; Oliveira 

et al., 2011). 

The analysis of the grain size curves indicates that the addition of biochar does not significantly alter 

particle distribution, demonstrating compatibility between the materials and contributing to better void 

distribution and fluid flow control. In terms of compaction, Soil A presented a maximum dry density of 1,925 

kg/m³ and an optimum moisture content of 12%, values that indicate good compaction capacity and ease of 

field execution. These results are consistent with silty sandy soils, which tend to exhibit a relatively stable 

structure under compaction, with a balance between coarse particles (responsible for strength) and fine 

particles (responsible for cohesion and water retention) (Mitchell and Soga, 2005). 

The achieved dry density can be considered high for this type of material, indicating a compacted 

structure with low compressibility and good mechanical strength. This behavior is particularly important in 

landfill cover layers, where surface stability and resistance to deformation are essential to prevent differential 

settlement and erosive processes. The literature indicates that compaction directly influences hydraulic 

conductivity and the overall performance of the cover layer, as increasing the degree of compaction reduces 

void volume and limits the formation of preferential flow paths (Daniel and Benson, 1990; Benson et al., 

2001).  

In this context, the obtained values indicate that the soil presents suitable conditions to act 

simultaneously as a structural support and a hydraulic barrier. Furthermore, the relationship between dry 

density and the estimated void ratio (ranging approximately from 0.27 to 0.34) shows that the compacted soil 

has a relatively dense structure, yet still with sufficient porosity to allow gas diffusion processes. This balance 

is particularly desirable in cover layers, as it enables the reduction of water infiltration while promoting gas 

oxidation (Thurner et al., 2024; Trinh et al., 2023). 

Soil B Soil A Soil A +biochar 
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Figure 2 – Grain size distribution curves of the analyzed materials (a), highlighting Soil A (●), Soil B 

(■), and Soil A with 3% biochar (▲); Bar chart (b): orange → Soil A | blue → Soil B | green → Soil A + 3%

biochar

Compaction of the cover layer in landfills is a key factor in soil permeability, controlling the movement 

of water and air within the pores (Gondim, 2020). Excessive compaction may limit the transport of moisture 

and nutrients, compromising methane oxidation, while adequate levels act as a barrier to gas emissions (Lima 

and Pinto Júnior, 2020). Typical dry density values between 1780 and 1950 kg/m³ indicate good geotechnical 

performance, associated with cover stability, infiltration control, and emission reduction (Mariano, 2008). The 

specific gravity of the particles also contributes to shear strength when combined with proper compaction, 

whereas lighter materials tend to form more porous structures (Pham et al., 2020; Santos, 2019). 

The addition of biochar reduces the maximum dry density and increases the optimum moisture content 

due to its low density and high porosity (Zanutel et al., 2024; Reddy et al., 2015), favoring water retention but 

requiring control, as excessive reductions in density may compromise strength (Abichou et al., 2020). 

Consistent results have been reported by Lamprinakos (2019), Ganesan et al. (2024), and Mirmongereh et al. 

(2023), with variations depending on fines content and dosage. Studies also indicate that biochar particle size 

and porosity alter pore structure and compaction efficiency (Verheijen et al., 2019; Edeh and Mašek, 2021; 

Alghamdi et al., 2020). 

Overall, biochar incorporation follows a consistent pattern of reducing dry density and increasing 

optimum moisture content, requiring a balance between functional benefits and mechanical performance 

maintenance. Regarding permeability, the tests indicated values on the order of 10⁻⁷ m/s, placing the soils 

within the recommended range for final cover layers, according to NBR 13896 (ABNT, 1997) and USEPA 

(2004). This order of magnitude is characteristic of materials with moderate hydraulic barrier behavior, capable 

of restricting water percolation without completely eliminating the presence of interconnected pores. 

This behavior is consistent with studies such as Roessler et al. (2022), which observed similar values 

for compacted silty soils used in landfill covers. Furthermore, Thurner et al. (2024) highlight that materials 

with hydraulic conductivity in this range exhibit stable long-term performance, even under wetting and drying 

cycles. The interaction between grain size distribution, compaction, and permeability indicates that the 

analyzed soil presents a structure favorable for field performance. The presence of fine fractions contributes 

to filling voids between sandy particles, reducing permeability, while the sandy fraction ensures mechanical 

stability and shear strength. 

The incorporation of biochar, even at low content (3%), tends to modify the internal soil structure, 

mainly through partial void filling and the introduction of an additional porous network. Studies indicate that, 

even in small proportions, biochar can influence soil matrix organization, increasing pore tortuosity and 

reducing hydraulic connectivity (Barnes et al., 2017; Mesbahnia et al., 2023). This effect, associated with the 

high specific surface area of biochar, can contribute to moisture redistribution in the soil and increased water 

retention, without significantly compromising compaction capacity. However, as observed by Marques et al. 

(2020) and Yu et al. (2021), low contents tend to produce subtler effects, acting mainly as local structural 

modifiers without significantly altering the overall soil parameters. 

Therefore, the obtained results indicate that the analyzed soils exhibit geotechnical behavior compatible 

with their application in landfill cover layers, with adequate performance in terms of compaction and 
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permeability. The addition of biochar contributes to adjustments in soil structure, with potential for improved 

fluid flow control and behavior under variable environmental conditions. 

4 REFERENCES 

Abichou, T. (2020) Using methane biological oxidation to partially finance sustainable waste management 

systems and closure of dumpsites in the Southern Mediterranean region. Euro-Mediterranean Journal for 

Environmental Integration, v. 5, p. 21, 2020. DOI: https://doi.org/10.1007/s41207-020-00157-z. 

ABNT – (1997) ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 13896: Projeto e execução 

de sistema de cobertura de aterros sanitários de resíduos sólidos urbanos. Rio de Janeiro: ABNT, 1997. 

Abrishamkesh, S. et al. (2015) Effects of rice husk biochar application on the properties of alkaline soil and lentil 

growth. Plant Soil and Environment, v. 61, n. 11, 2015. 

Abuelnoor, N. et al. (2021) Activated carbons from biomass-based sources for CO₂ capture applications. 

Chemosphere, v. 282, p. 131111, 2021. 

Araújo, T. T. (2016). Estudo experimental de emissões fugitivas de biogás em camadas de cobertura de uma célula 

de aterro sanitário. 2016. Dissertação (Mestrado em Engenharia Ambiental) – Universidade do Estado do Rio 

de Janeiro, Rio de Janeiro-RJ, 2016. 

Alghamdi, A. G.; Alkhasha, A.; Ibrahim, H. M. (2020) Effect of biochar particle size on water retention and 

availability in a sandy loam soil. Journal of Saudi Chemical Society, v. 24, n. 12, p. 1042–1050, 2020. DOI: 

https://doi.org/10.1016/j.jscs.2020.11.003. 

Barnes, R. T. et al. (2017) Biochar’s effects on soil water retention, hydraulic conductivity, and water 

repellency. Environmental Science & Technology, v. 51, n. 12, p. 6824–6831, 2017. 

Benson, C. H. et al. (2001) Field evaluation of alternative earthen final covers. International Journal of 

Phytoremediation, v. 3, n. 1, p. 105–127, 2001. 

Bonaparte, R.; Bachus, R. C.; Gross, B. A. (2020) Geotechnical stability of waste fills: lessons learned and 

continuing challenges. Journal of Geotechnical and Geoenvironmental Engineering, v. 146, n. 11, p. 05020010 

Boscov, M. E. G. (2008) Aterros sanitários de resíduos sólidos urbanos: projeto, construção e operação. São Paulo: 

Oficina de Textos, 2008. 

Catapreta, C. A. A.; Simões, G. F. (2016) Monitoramento ambiental e geotécnico de aterros sanitários. In: 

Congresso Brasileiro de Gestão Ambiental, 2016. 

CETESB – GTZ. Definição dos objetivos da amostragem de solo. São Paulo, 1993. 

Costa, C. M. C. et al. (2015) Avaliação do ressecamento da camada de cobertura utilizando solo com adição de 

fibras de PET através de imagens. In: Congresso Brasileiro de Geologia de Engenharia Ambiental 

Crini, G.; Badot, P.-M. (2008) Application of chitosan for dye removal from aqueous solutions. Progress in Polymer 

Science, v. 33, n. 4, p. 399–447, 2008. 

Daniel, D. E.; Benson, C. H. (1990) Water content–density criteria for compacted soil liners. Journal of 
Geotechnical Engineering, 1990. 

Downie, A.; Crosky, A.; munroe, P. (2009) Physical properties of biochar. In: LEHMANN, J.; JOSEPH, S. (eds.). 

Biochar for environmental management. London: Earthscan, 2009. 

Edeh, I. G.; Mašek, O. (2021) The role of biochar particle size and hydrophobicity in improving soil hydraulic 

properties. European Journal of Soil Science, 2021. 

Ganesan, S. P. et al. (2024) Exploring implication of variation in biochar production on geotechnical properties of 

soil. Biomass Conversion and Biorefinery, v. 14, p. 5791–5801, 2024. 

Georgin, J. et al. (2020) Evaluation of bark powder as adsorbent for dye removal. Environmental Science and 

Pollution Research, v. 27, p. 25727–25739, 2020. 

Ghorbani, M.; Amirahmadi, E. (2024) Biochar and soil contributions to crop lodging and yield performance: a meta-

analysis. Plant Physiology and Biochemistry, v. 215, p. 109053, 2024. 

962

https://doi.org/10.1007/s41207-020-00157-z
https://doi.org/10.1016/j.jscs.2020.11.003


XXII Congresso Brasileiro de Mecânica dos Solos e Engenharia Geotécnica 

XI Simpósio Brasileiro de Engenheiros Geotécnicos Jovens 

24 a 28 de agosto de 2026 – Brasília/DF 

Glaser, B. et al. (2002) Ameliorating physical and chemical properties of soils with charcoal. Biology and Fertility 

of Soils, v. 35, p. 219–230, 2002. 

Gonzaga, M. I. S. et al. (2019) Nitrogen and phosphorus uptake efficiency in Indian mustard. Ciência Rural, v. 49, 

n. 1, 2019.

Guo, M.; HE, Z.; Uchimiya, S. M. (2016) Agricultural and environmental applications of biochar. Advances in 

Agronomy, v. 63, p. 175–197, 2016. 

Huang, D.; Xu, Q. (2024) Biocobertura à base de biochar para reduzir as emissões de CH₄ e H₂S em aterros 

sanitários. In: Materiais e Resíduos Ambientais. Elsevier, 2024. 

Hussain, H.; Ravi, R. (2022) Geotechnical impacts of biochar on soils. Geoscience Frontiers, 2022. 

Inda, A. V.; Bayer, C. (2018) Biochar: fundamentos e perspectivas para solos tropicais. Revista Brasileira de 

Ciência do Solo, v. 42, 2018. 

Juriga, M.; Šimanský, V. (2018) Effect of biochar on soil structure—A review. Acta fytotechnica et zootechnica, v. 

21, p. 11–19, 2018. 

Kamaruddin, M. A. et al. (2021) Sanitary landfill operation and management. In: Solid Waste Engineering and 
Management, 2021. 

Kameyama, K. et al. (2012) Influence of sugarcane bagasse-derived biochar application on nitrate leaching. Journal 
of Environmental Quality, v. 41, p. 1131–1137, 2012. 

Kelm, M. A. P. et al. (2019) Removal of azo dye from water via adsorption on biochar. Environmental Science and 

Pollution Research, v. 26, p. 28558–28573, 2019. 

Kinney, T. J. et al. (20120 Hydrologic properties of biochars produced at different temperatures. Biomass and 

Bioenergy, v. 41, p. 34–43, 2012. 

Kong, Z. et al. (2021) Biochar-pyrite bi-layer bioretention system. Water Research, v. 206, p. 117737, 2021. 

Lawtae, P.; Tangsathitkulchai, C. (2021) Mesoporous activated carbon from biomass. Molecules, v. 26, p. 6521 

Lee, M.-H. et al. (2021) Effects of biochar on soil aggregation. Processes, v. 9, p. 1431, 2021. 

Lehmann, J.; Joseph, S. (eds.). (2015) Biochar for environmental management. 2. ed. London: Routledge. 

Li, J. et al. (2020) Applications of coal combustion products. Coal Geology of China, p. 141–186, 2020. 

Li, L. et al. (2021) Role of biochar in improving sandy soil water retention. Water, v. 13, n. 4, p. 407, 2021. 

Li, W. et al. (2024) Sustainable carbon-based catalyst materials derived from lignocellulosic biomass. Carbon 

Energy, 2024. 

Li, Y.; Zhang, Y.; Huang, Q. (2022) Structural properties and adsorption behavior of biomass-based activated 

carbons. Journal of Analytical and Applied Pyrolysis, v. 166, p. 105579, 2022. 

Lima, A. E. M. M.; Pinto Junior, O. B. (2020) Quantificação de gases de efeito estufa em aterro sanitário no 

município de Cuiabá. Revista Eletrônica de Gestão e Tecnologias Ambientais (GESTA), p. 136–144, 2020. 

Lima, J. R. S.; Oliveira, J. E. S.; Moura, A. S.; Silva, C. F.; Medeiros, E.V.; Hammecker, C. (2019). Produção e 

eficiência no uso de água do feijão comum adubado com biochar. Diversitas Journal, v. 4, 2019 

Liu, X.; YU, J.; Zhao, X. (2021) Influence of pore structure on the adsorption performance of activated carbons. 

Microporous and Mesoporous Materials, v. 323, p. 111254, 2021. 

Maniarasu, R.; Rathore, S. K.; Murugan, S. (2023) Biomass-based activated carbon for CO₂ adsorption. Energy & 

Environment, v. 34, n. 5, p. 1674–1721, 2023. 

Marques, J. P.; Rodrigues, V. G. S.; Vaz, C. M. P. (2020) Influence of biochar addition on compaction parameters 

of soil. Universidade de São Paulo, 2020. 

Meili, L. et al. (2019a) Adsorption of methylene blue on agroindustrial wastes. Progress in Biophysics and 

Molecular Biology, v. 141, p. 60–71, 2019a. 

Meili, L. et al. (2019b) Cassava stump biochar characteristics and dye affinity. Chemical Engineering 

Communications, v. 206, p. 829–841, 2019b. 

963



XXII Congresso Brasileiro de Mecânica dos Solos e Engenharia Geotécnica 

XI Simpósio Brasileiro de Engenheiros Geotécnicos Jovens 

24 a 28 de agosto de 2026 – Brasília/DF 

Mesbahnia, A. et al. (2023) Influence of biochar on water retention and hydraulic conductivity. Journal of 

Environmental Management, v. 341, 2023. 

Mesbahnia, A.; Alazba, A. A.; Zhang, P. (2023) Long-term performance of biochar-amended soils. Journal of 

Environmental Management, v. 336, p. 117664, 2023. 

Mirmongereh, A.; Pakbaz, M.; Sasani, H. (2023) Enhancing geotechnical properties of soil with biochar. Asian 

Journal of Civil Engineering, 2023. 

Mitchell, J. K.; Soga, K. (2005) Fundamentals of soil behavior. 3. ed. New York: Wiley, 2005. 

Mohammadnezhad, F. et al. (2019) Mixed matrix membrane synthesis and characterization. Journal of 

Industrial and Engineering Chemistry, v. 71, p. 99–111, 2019. 

Nanda, S. et al. (2016) Biochar as a bioresource. Waste and Biomass Valorization, v. 7, p. 201–235, 2016. 

Nazem, M. A. et al. (2020) Preparation of activated nano-carbon from agricultural wastes. RSC Advances, v. 

10, p. 1463–1475 

Ng, C. et al. (2022) Effects of biochar on shear strength. Environmental Science and Pollution Research, v. 

29, p. 49422–49428, 2022. 

Peres, C. B. (2020) Captura de CO₂ em carvões ativados derivados de biomassa. 2020. 

Pham, B. T. et al. (2020) Estimation of undrained shear strength of soil. Sustainability, v. 12, n. 6, p. 2218 

Pinto, C. S. (2006) Curso básico de mecânica dos solos em 16 aulas. 3. ed. São Paulo: Oficina de Textos 

Rajakaruna, R.; Sewwandi, B. G. N. (2020) Treatment of lead-containing wastewater by adsorption process 

Reddy, K. R. et al. Effects of biochar amendment on geotechnical properties. Waste Management & Research, v.33 

Roessler, J. et al. (2022) Hydraulic performance of compacted silty soils. Waste Management, v. 152, p. 220-229 

Sadasivam, B. Y.; Reddy, K. R. (2015) Engineering properties of biochar-amended soils. International Journal of 

Geotechnical Engineering, 2015. 

Santos, J. J. N. (2019) Avaliação geotécnica de misturas para biocoberturas. Dissertação – UFCG, 2019. 

Sikiru, S. et al. (2024) Technology projection in biofuel production. Renewable and Sustainable Energy 

Reviews, v. 200, p. 114535, 2024. 

Thurner, M. et al. (2024) Hydraulic behavior of landfill cover soils. Waste Management, v. 171, p. 53–65 

Trinh, Q. H. et al. (2023) Assessment of compacted soil parameters. Geotechnical and Geological 

Engineering, v. 41, p. 2307–2323, 2023. 

USEPA – U.S. (2004) Environmental Protection Agency. Solid Waste Disposal Guidelines, 2004. 

Verheijen, F. et al. (2010) Biochar application to soils: a critical review. EUR, v. 24099, 2010. 

Wong, J. T. F. et al. (2019) Effects of biochar on landfill cover soils. Journal of Environmental Management, 

v. 236, p. 667–673, 2019.

Yaghoubi, P. (2011) Development of biochar-amended landfill cover for landfill gas mitigation. PhD Thesis, 

University of Illinois, 2011. 

Yang, F. et al. (2014) Organic matter controls of soil water retention. Journal of Hydrology, v. 519, p. 3086–

3093, 2014 

Zanutel, M. et al. (2024) Biochar modifies soil physical properties. Vadose Zone Journal, v. 23, n. 1, 2024. 

Zhang, M. et al. (2019) Biochar impact on soil properties. Catena, v. 174, p. 429–437, 2019. 

Zhang, S. et al. (2020) Sustainable production of carbon nanomaterials. Nature Sustainability, v. 3, n. 9, p. 

753–760 

Zhang, Y. et al. (2022) Influence of biochar on strength and permeability. Journal of Cleaner Production, v. 

350, p. 131472, 2022. 

964




