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Introduction 

The ongoing rise in global population is driving greater demand for food and livestock feed, leading to increased 

organic waste, including chicken manure (CM). The uncontrolled application of raw CM may result in nutrient 

leaching, particularly nitrogen and phosphorus, thereby contributing to the eutrophication of adjacent water bodies 

Otieno and Mageto (2023). Furthermore, raw manures frequently contain heavy metals and veterinary 

pharmaceuticals that remain in waste streams Riaz et al (2020), as well as phytotoxic compounds that can be 

released into the environment through direct application Viso et al (2022). Although raw CM poses challenges for 

direct field use due to nutrient leaching and ecotoxicological risks.One way this type of biomass can be utilized is 

through thermochemical conversion processes such as torrefaction and hydrothermal carbonization (HTC), which 

stabilize organic matter and modify the fertilizing properties of the product Onyenwoke et al (2023). Torrefaction, 

also known as mild pyrolysis, is a thermochemical process conducted at temperatures ranging from 200 to 300 °C, 

typically under atmospheric pressure in the absence of oxygen or with a minimal amount of oxygen. It leads to 

partial degradation of the hemicellulose fraction, concentration of mineral elements in the solid phase, and 

increased hydrophobicity and stability of the material. Torrefied biomass is recognized for its enhanced 

hydrophobicity and grindability, high energy density, and resistance to biodegradation, making it suitable for 

various applications Rezaei et al (2018). During HTC, waste undergoes hydrolysis, dehydration, and 

decarboxylation reactions in subcritical water (usually at 180–260 °C and saturated pressure) for a specific 

residence time. These processes convert unstable organic compounds into a carbon-rich hydrochar while 

concentrating or transforming nutrients in both the solid and liquid phases Ojewumi and Chen (2024). Process 

parameters, in particular temperature and retention time, determine the degree of organic matter conversion, 

mineral concentration, and the proportion of soluble forms. As a result, they directly affect pH, electrical 

conductivity, and the concentrations of ions and elements important for fertilizer applications  

The aim of the study was to determine the effect of temperature and process retention time on the chemical 

composition and distribution of mineral components in torrefied biochars and hydrochars obtained from CM. The 

research aimed to identify the relationships between thermochemical conversion parameters and the fertilizing 

potential of the resulting materials, and to indicate the process conditions conducive to obtaining products with the 

desired agronomic properties. 

 

Materials and methods 

Raw chicken manure was dried to constant mass and homogenized. The dried material was subsequently divided 

into 300 g portions for thermochemical processing. Torrefaction was conducted under inert conditions at 

atmospheric pressure. A continuous flow of CO2 (10 dm³·h⁻¹) was applied to ensure an oxygen-limited 

environment throughout the process. The material was exposed to three different temperatures: 200, 250, and 300 

°C. At each temperature, two residence times were tested: 60 and 120 minutes. Hydrothermal carbonization 

experiments were performed using dried chicken manure as feedstock. Prior to processing, approximately 200 mL 

of distilled water was added to each 300 g portion of dry material to obtain a slurry. The HTC process was carried 

out at temperatures of 200, 250, and 300 °C, with residence times of 60 and 120 minutes. The system operated in 

a closed reactor under autogenous pressure. After completion of the reaction and cooling to ambient temperature, 

the solid fraction (hydrochar) was separated from the liquid phase by filtration. The obtained hydrochar was 

subsequently dried in a laboratory dryer at 105 °C for 24 h prior to further analyses.  

The solid products were characterized for pH and electrical conductivity (EC). For this purpose, aqueous 

extracts of biochars and hydrochars were prepared at a solid-to-liquid ratio of 1:10 (w/v). The prepared aqueous 

extracts were further used to determine selected inorganic ions, including Cl⁻, NO₂⁻, NO₃⁻, SO₄²⁻, and PO₄³⁻. Ion 

analysis was performed using an ion chromatograph (Dionex ICS 6000, Massachusetts, USA). The concentration 

of NH₄⁺ was determined in accordance with PN-ISO 7150:2002. Elemental composition was determined using 

inductively coupled plasma optical emission spectrometry (ICP-OES; Thermo Fisher Scientific, Austin, USA), in 

accordance with PN-EN ISO 10304-1:2009 + AC:2012. 



 

 

Results and discussion 

The results indicate clear differences in the relationships between ionic composition, EC, and pH in hydrochars 

and biochars derived from CM (Fig. 1). The analysis showed that in hydrochars, EC is strongly related to the 

concentration of soluble anions, primarily SO₄²⁻ and Cl⁻. In variants with lower HTC temperatures (200 °C), high 

concentrations of sulfates and chlorides were associated with the highest EC values, whereas increasing the process 

temperature (250–300 °C) led to a systematic decrease in both ion concentrations and conductivity. This means 

that in hydrochars, EC is largely determined by the fraction of easily soluble salts. Similar relationships were 

described by Reza et al (2013), who noted that as the intensity of hydrothermal treatment increases, inorganic 

components are redistributed and partially immobilized, resulting in a decrease in the easily leachable fraction and 

conductivity. In the context of fertilizers, this means that hydrochars obtained at lower temperatures can contribute 

a significant amount of salt to the soil, while higher HTC temperatures limit this effect. A different mechanism 

was observed in biochars samples. SO₄²⁻ concentrations were very low in all biochar variants, while Cl⁻ content 

remained high. Despite the negligible sulfate content, EC values remained relatively high and stable. This indicates 

that biochar conductivity is primarily determined by chloride content. This phenomenon is consistent with the 

observations of Clarke and Olea (2024), who showed that in biochars derived from ash-rich raw materials 

(including poultry manure), the chloride fraction largely determines EC levels and potential salt load.  

The pH variations differed in nature from the changes in EC. In hydrochars, a gradual increase in pH was 

observed with increasing HTC temperature, despite a simultaneous decrease in SO₄²⁻ and Cl⁻ concentrations. The 

lack of a direct correlation between pH and the concentration of these anions suggests that the material's reaction 

is mainly controlled by changes in the mineral fraction rather than by the simple concentration of soluble salts. 

This effect was even more pronounced in biochars. In the 300/120 variant, the pH rose to a strong alkaline value, 

which is consistent with numerous reports in the literature on the alkalization of biochars at high pyrolysis 

temperatures Antonangelo et al (2019). High temperatures promote the concentration of alkaline minerals and the 

decomposition of acidic functional groups Bavariani et al (2019). 

 
Fig. 1. Relationships between soluble ion concentrations, pH and electrical conductivity in hydrochars and 

biochars produced from CM 

 

Conclusions 

From the perspective of fertilizing properties, the observed relationships are significant. Elevated EC, especially 

in hydrochars produced at lower temperatures and in biochars with high Cl⁻ content, can increase soil solution 

salinity and cause osmotic stress, limiting plant germination. This requires careful selection of the dose depending 

on the soil type and crop sensitivity. At the same time, the high SO₄²⁻ content in low-temperature hydrochars can 

be a source of readily available sulfur, which is beneficial in soils poor in this element, but carries the risk of 

increased salinity. Biochars with elevated pH may have a liming effect in acidic soils, although in neutral and 

alkaline soils, excessive alkalization may limit the availability of micronutrients. 
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