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Annotation. In this article, the duration of pyrolysis to produce biochar from wheat
straw is studied. A high amount of biochar (39%) was obtained from wheat straw by pyrolysis
at 400 9C for 15 minutes.
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Introduction. Biochar is an organic soil amendment designed to increase the amount of
organic matter in the soil, improve soil fertility, and enhance the ecological environment.
Essentially, biochar is produced through the pyrolysis process, in which various types of
biomass—such as maize stalks or husks, rice and wheat straw, as well as other agricultural
residues—are heated at high temperatures in an oxygen-limited environment. The resulting
product primarily consists of carbon and ash components [1].

Literature review. In recent years, biochar has been widely studied as an important
agrotechnological tool for maintaining and stabilizing soil fertility. Research indicates that the
application of biochar significantly improves the physicochemical properties of soils.
Specifically, biochar enhances soil aeration, reduces the emission of greenhouse gases from
the soil, prevents nutrient leaching, and regulates soil acidity [2,3], while also decreasing the
need for irrigation and mineral fertilizers [5]. In addition, biochar plays a crucial role in
increasing the water-holding capacity of light-textured soils [4] and stimulating
microbiological activity [6].

Biochar also has a direct positive impact on plant physiology. Research findings have
shown that it enhances the yield of plants that require high levels of potassium and thrive in
alkaline (high pH) environments [7,8]. Furthermore, the application of biochar increases plant
resistance to various fungal diseases [9].

Practical experiments demonstrate that biochar is an effective tool for restoring fertility
and ensuring the long-term stability of degraded soils in tropical and subtropical regions.
However, under temperate climatic conditions, its benefits remain limited [10]. Therefore, for
the efficient use of biochar, careful selection of raw materials, as well as the accurate
determination of pyrolysis temperature and duration, are of critical importance. In particular,
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these factors play a decisive role in producing high-quality biochar.

Methods. In the process of producing biochar, wheat straw was selected as a raw
material due to its low cost, wide availability, and frequent occurrence in agricultural
practices. This type of biomass is distinguished not only by its abundance but also by its
environmental suitability for recycling.

Initially, the collected wheat straw was cut into pieces of 10-20 mm and 20-30 mm in
size and subjected to a preliminary preparation stage. The samples were then dried in a
Memmert UN 200 drying oven at 105 °C for 2 hours until a constant weight was achieved.
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This step is essential to completely remove moisture and to ensure stable results during the
pyrolysis process.

The dried raw material and the resulting biochar mass were measured using a high-
precision VLTE-1100 technical balance. Following this, the pyrolysis process was carried out
in a THERMNEVO EVO mini muffle furnace.

The study investigated the effect of pyrolysis duration on the yield and quality
characteristics of biochar. For this purpose, three different pyrolysis durations — 15, 30, and
45 minutes — were tested at a temperature of 400 °C. Through this experiment, the influence
of time as a factor on biochar yield was determined, and efforts were made to identify the
optimal parameters.

Results. In recent years, scientific interest in the potential role of biochar in mitigating
global climate change has been steadily increasing [11]. Biochar is considered not only as a
means to improve soil fertility, but also as an important factor in reducing greenhouse gas
emissions through the long-term sequestration of carbon. Therefore, improving biochar
production technology and identifying optimal conditions remain among the most pressing
research priorities.

The efficiency of the pyrolysis process directly depends on several factors, including
temperature level, heating rate, and pyrolysis duration [12]. By controlling these parameters,
it is possible to both increase the yield of biochar and improve its quality characteristics [13].
For instance, higher biochar yields are typically observed within the temperature range of
400-500 °C, whereas at temperatures above 700 °C, the biochar output decreases
significantly. It should be emphasized that the pyrolysis process at elevated temperatures
occurs rapidly within a few minutes, rather than over several hours [14].

Based on the research findings, the optimal temperature range and pyrolysis duration
for different feedstocks were determined (Table 1). The experiments demonstrated that when
pyrolysis was carried out for 15 minutes, the process was not fully completed in straw pieces
of both sizes (10-20 mm and 20-30 mm), resulting in biochar of inadequate quality. In
contrast, extending the pyrolysis duration to 30 and 45 minutes enabled the production of
high-quality biochar.

Table 1.

Optimal pyrolysis duration for obtaining high-quality biochar.
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Raw material particle | Pyrolysis duration, minutes

size, mm 15 30 45
10-20 - + +
20-30 - + +

Note: - insufficient, + sufficient

The obtained results indicate that both the duration of pyrolysis and the particle size of
the raw material significantly influence the quality of biochar. Under optimal conditions, not
only the yield but also the physicochemical properties of biochar are improved. This, in turn,
enhances its effectiveness when applied to soil.

In our study, the effect of pyrolysis duration on biochar yield from the feedstock was
examined in detail. The results show that biochar yield decreases as the pyrolysis time
increases. Specifically, when the pyrolysis process lasted 15 minutes, the yield relative to the
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raw material was 39%. When the duration was doubled to 30 minutes, the yield decreased to
35%, and when tripled to 45 minutes, it further declined to 33% (Figure 1).

Biochar yield from wheat straw
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Figure 1. The effect of pyrolysis duration on biochar yield from wheat straw.

This process indicates that although biochar yield is higher during the initial shorter
durations, with longer times a larger portion of organic matter is converted into gaseous
products, resulting in reduced biochar yield. Therefore, selecting the optimal pyrolysis
duration is crucial in biochar production, and a range of 15-30 minutes is considered most
suitable for improving efficiency.

Conclusion. The results of the conducted research showed that the yield of biochar from
raw materials directly depends on the duration of pyrolysis, with the amount of biochar
decreasing as the processing time increases. This phenomenon is explained by the gradual
conversion of organic matter into gaseous and liquid products during the pyrolysis process. It
was also found that biochar yield is influenced by the type of raw material and its chemical
composition.

Based on the experiments, it can be concluded that the most favorable condition for
obtaining high-quality and stable biochar from wheat straw is pyrolysis at 400 °C for 30
minutes. This outcome provides practical opportunities to enhance the efficiency of biochar
production and expand its application in agriculture..
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