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ABSTRACT: There has been a growing interest on using biochar in environmental geotechnical applications, particularly in compacted 
soil liners for waste disposal. Previous studies have demonstrated that incorporating biochar derived from urban pruning waste to a 
clayey soil from Vale do Ribeira (São Paulo, Brazil) increased its capacity to adsorb potentially toxic metals. However, further 
investigation is needed to understand the effects of biochar on the soil's geotechnical properties. This study aims to assess the influence 
of adding 2.5% and 5.0% (w/w) of pruning waste biochar to the clayey soil on compaction parameters. Standard Proctor tests showed 
that biochar reduced the maximum dry density of the soil (from 1.560 g cm-3 for the unamended soil to 1.478 g cm-3 for the mixture 
with 5.0% biochar) and increased the optimum moisture content (22.7% for the unamended soil, 26.1% for the mixture with 2.5% 
biochar, 24.9% for the mixture with 5.0% biochar). These effects can be attributed to the porous structure and lower density of the 
biochar compared to the soil. The results highlight the importance of adjusting the biochar proportions to achieve the desired 
geotechnical properties, as they will influence the performance of the mixtures as liners. 
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1 INTRODUCTION 

Biochar is a solid carbonaceous material generated from the 
pyrolysis of various feedstocks. When biomass is heated to high 
temperatures (300 to 1000°C) in a closed reactor in the absence or 
very limited presence of oxygen, three products are generated: a 
liquid (bio-oil), a gas (syngas), and a solid (biochar) (Downie, 
Crosk & Munroe 2009). Different feedstocks can be used to 
produce biochar, including waste materials and by-products such 
as straw, leaves, husks, municipal solid waste, animal manure, and 
effluent treatment sludges (Ahmad et al. 2014; Mishra et al. 2023). 
Biochar differs from charcoal and similar materials primarily in its 
application. The primary application of biochar is soil 
improvement, rather than heating or energy production (Lehman & 
Joseph 2009). 

The application of biochar to soil can increase its organic matter 
and nutrient contents while reducing acidity (Ahmad et al. 2014; 
Nascimento et al. 2023). The high stability of biochar can decrease 
CO2 emissions to the atmosphere (Downie, Crosky & Munroe 
2009; Yadav et al. 2023). Regarding biota, the pores in biochar 
provide a suitable habitat for microorganisms, protecting them and 
providing carbon, nutrients, and energy (Nascimento et al. 2023). 
Biochar also influences the texture, structure, porosity, and 
consistency of soils, and affects aggregation, shrinkage and 
swelling dynamics, permeability, cation exchange capacity, and 
soil response to temperature variations (Downie, Crosky & 
Munroe 2009; Lu et al. 2023; Wang et al. 2023). 

Over the past decade, extensive research has been conducted on 
using biochar to enhance agricultural soils (Cooper et al. 2020; 
Zhang et al. 2020; Ghassemi-Golezani et al. 2023), remediate 

contaminated areas (Lima et al. 2022; Wei et al. 2024; Meng et al. 
2023), and mitigate climate change (Hougaard et al. 2024). 

Recently, there has been a growing interest in its application in 
environmental geotechnics, particularly in compacted soil liners 
for waste disposal. Veena et al. (2023) reported that the use of 10% 
rice husk biochar or wood chip biochar is efficient in partially 
replacing bentonite in sand-bentonite mixtures used as liners. Chen 
et al. (2022) studied the effects of adding peanut husk biochar to 
compacted clayey soil on performance as landfill covers in 
different climatic scenarios. The application of biochar reduced the 
number of pores larger than 20 μm, making the cover more 
efficient against infiltration. Biochar also helped prevent cracks 
and extreme dry conditions. 

In this study, we investigated urban pruning waste biochar 
pyrolyzed at 500°C. Urban pruning waste consists of leaves, 
branches, and roots generated during tree pruning operations in the 
cities. It is generated in large volumes and has high potential for 
utilization. However, it is still poorly managed and ends up in 
landfills, which generate problems to the environment and 
unnecessary costs to municipalities. 

Previous studies (Marques 2013, Marques et al. 2023) have 
shown that incorporating this biochar into clayey soil from Ribeira 
Valley (São Paulo, Brazil) increased its capacity to adsorb 
potentially toxic metals such as Pb, Cd, and Zn, which is an 
important property for attenuating contamination at hazardous 
solid waste disposal sites. However, further investigation is needed 
to understand the effects of biochar on the soil's geotechnical 
properties. 

Thus, this study aims to assess the influence of adding 2.5% and 
5.0% (w/w) of pruning waste biochar to the soil on compaction 
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parameters. This article contributes to the study of soil-biochar 
mixtures as liners. It is a promising alternative for utilizing urban 
pruning waste as well as for protecting the environment against 
contamination in waste disposal areas. 

2 METHODS 

The soil used in this study (see Figure 1a) is a non-contaminated 
composite sample, representative of Ribeira Valley, specifically 
from the municipalities of Eldorado and Jacupiranga (São Paulo, 
Brazil). The sample was prepared and characterized by Marques et 
al. (2022). It is a silty soil (22.1% clay, 48.1% silt, and 29.7% 
sand), acidic (pH 4.8) with the fine fraction predominantly 
composed of kaolinite.  

The biochar (see Figure 1b) was obtained from the pyrolysis of 
urban pruning waste at 500°C, without oxygen, with 5 hours at 
peak temperature. In the laboratory, the biochar was disaggregated, 
sieved through a 2 mm opening sieve, and homogenized. The 
production and preparation procedures of biochar were described 
by Moraes (2022). The material has a pH of 10.0, 67.3% carbon, 
16.3% ash content, and a cation exchange capacity of 69.0 cmolc 
kg-1 (Moraes 2022). 

Mixtures with 2.5% and 5.0% of biochar in the soil (w/w) were 
then prepared (Figures 1c and 1d). These proportions were chosen 
based on the literature on biochar-soil mixtures (Sudhakar et al. 
2017; Penido et al. 2019; Luo et al. 2020; Yang et al. 2023; Yadav 
& Bag 2023), as well as on biochar characterization results from 
Moraes et al. (2021). Soil and biochar were mixed using a concrete 
mixer and homogenized using the elongated pile method. 

The samples of soil (without biochar), soil with 2.5% biochar, 
and soil with 5.0% biochar were subjected to Standard Proctor 
Compaction Tests, conducted according to the method described 
by Brazilian Standard 7182/2016 "Soil: Compaction Test" from the 
Brazilian Association of Technical Standards (ABNT 2016). 

 
Figure 1. Soil sample (a), pruning waste biochar (b), mixture of soil with 
2.5% biochar (c), and mixture of soil with 5% biochar (d). 

3 RESULTS 

Figure 2 presents the compaction curves of the soil and the 
mixtures, while Table 1 shows the compaction parameters of each 
sample, including the maximum dry density (ρdmax), the optimum 
moisture content (wopt), and the void ratio (e). The addition of 
biochar decreased the dry density. For the same moisture content, 
the higher the proportion of biochar in the mixture, the lower the 
dry density, except for the point at around 23% moisture content, 
where the mixture with 5.0% biochar had a slightly higher dry 
density than the other mixture. 

 

 
Figure 2. Standard Proctor Compaction curves for the soil, the mixture of 
soil with 2.5% biochar and the mixture of soil with 5.0% biochar. 

 

Table 1. Standard Proctor compaction parameters of the soil, the mixture 
of soil with 2.5% biochar, and the mixture of soil with 5.0% biochar. 

Parameter Soil 

Soil + 

2.5% 

Biochar 

Soil + 

5.0% 

Biochar 

ρdmax (g cm-3) 1.560 1.504 1.478 

wopt (%) 22.7 26.1 24.9 

e 0.699 0.762 0.793 

 
 
Biochar reduced ρdmax of the soil, with values of 1.560 g cm-3 for 
the soil, 1.504 g cm-3 for the mixture with 2.5% biochar, and 1.478 
g cm-3 for the mixture with 5.0% biochar. The wopt was higher for 
the mixtures (26.1% for the mixture with 2.5% biochar and 24.9% 
for the mixture with 5.0% biochar) than for the soil (22.7%). The 
void ratio of the compacted specimens increased with the addition 
of biochar (0.699, 0.762, and 0.793 for the soil, the mixture with 
2.5% biochar, and the mixture with 5% biochar, respectively). 

Such an effect on soil compaction curves due to the addition of 
biochar has been reported in the literature for biochar from 
different feedstocks. For example, Kumar et al. (2019) added 5% 
peanut husk biochar to a sandy-silty soil in India and observed an 
increase in wopt from 16.7% to 17.2% and a decrease in ρdmax from 
1.73 g cm-3 to 1.60 g cm-3. The addition of sawdust biochar in the 
same proportion increased wopt to 19.8% and decreased ρdmax to 
1.56 g cm-3. Similar results were reported by Sudhakar et al. (2017) 
studying mixtures of a silt soil from India with 20% sugarcane 
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bagasse biochar, by Ganesan et al. (2020) studying the addition of 
5% and 10% of cedar wood biochar in a sand clay, and by Yadav 
& Bag (2023), who investigated the mixture of bamboo biochar in 
a clayey soil in proportions up to 5%. 

The decrease in ρdmax may be related to the replacement of 
heavier soil particles by lighter biochar particles, while the increase 
in wopt may be associated with a greater water retention capacity of 
biochar compared to the soil.  

4 CONCLUSIONS 

The addition of pruning waste biochar to the soil decreased 
maximum dry bulk density and increased optimum moisture 
content. These findings underscore the significance of adjusting 
the proportions of biochar to attain the targeted geotechnical 
properties, as they will impact the performance of the mixtures as 
liners. Further research will focus on examining the effects of 
pruning waste biochar on other parameters, such as permeability 
and strength. 
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