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Biochar – carbon-rich material.

Can be obtained from various organic feedstock.

Slow pyrolysis - thermal process of decomposition of organic matter
in the absence of oxygen (temperature between 350 and 700°C)

Organic matter is converted into :                                
biochar, 
gases, 
liquid product.

Due to its diverse properties, biochar has potential for
environmental, industrial and agricultural applications.

Its specific application depends on the properties of the biochar,
which are influenced by pyrolysis conditions such as temperature,
retention time, and feedstock type.
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Wheat straw were collected on the
agricultural plot immediately after harvest
and chopped into small pieces using
scissors.

After slow pyrolysis, the pyrolyzed
material was allowed to cool to
ambient temperature gradually.

The chopped materials were dried in an oven at 60 °C for 24 h and 
placed in a furnace (Nabertherm: higher than 30-3000 °C, Germany). 

The pyrolizer was closed (to prevent oxygen flow) and heated to 400 
and 700 °C at a rate of 10 °C/min. 

The samples were pyrolyzed in an inert atmosphere (argon), at an 
inert gas flow of 80 L/h.
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IMPORTANCE OF CHARACTERIZATION OF BIOCHAR - to understand its 
physical, chemical and structural properties

Optimization of 
the application 

process

Selecting the 
quantity to 

achieve 
maximum 
efficiency

Choosing 
optimal 

conditions

This work aimed to examine the effect of pyrolysis temperature on the properties of biochars
obtained by pyrolysis of wheat straw at temperatures of 400°C and 700°C, for 1 h in an inert
atmosphere.
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The biochars are labeled as WS400 (produced on 400 °C) and
WS700 (produced on 700 °C)

C
H
A
R
A
C
T
E
R
I
Z
A
T
I
O
N

 Brunauer-Emmett-Teller method (BET),

 scanning electron microscopy (SEM),

 energy-dispersive X-ray spectroscopy (EDS),

 CHNS,

 thermo-gravimetric analysis (TGA),

 Raman spectroscopy, 



envirochar.pmf.uns.ac.rs

S
E
M

&

B
E
T

WS400 mag. 5000x

WS400 mag. 1000x WS700 mag. 1000x

WS700 mag. 5000x BET

3.68 m2g-1 WS400

80.88 m2g-1 WS700

Specific surface area and porosityTemperature of pyrolisis
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Parameters WS400 WS700

C (% w/w) 66.7 ± 2.38 66.3 ± 2.23

H (% w/w) 4.30 ± 0.25 1.66 ± 0.01

N (% w/w) 1.41 ± 0.60 0.94 ± 0.07

S (% w/w) 2.84 ± 0.72 2.01 ± 0.32

O (% w/w) 8.47 ± 7.51 6.55 ± 2.53

• All other elements in the biochars contained mostly less than 1%, 
except Ca (1-2%) and Si (more than 1%).
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• The total weight loss
during TGA was about
89% for WS400 and
about 82% for WS700,
with the highest
thermal degradation
observed between 300
and 500 °C.

The area under the TG/dTG curve is divided into five parts, which represent different degrees of resistance to thermal oxidation:

1. moisture (20-105 °C) - free water that is not chemically bound to the material structure; 

2. moisture and very labile organic matter (OM) (105-200 °C) - residual water that is more tightly bound to the pores and 

surface of the sample, as well as small molecules (hydrocarbons, fatty acids, waxes); 

3. labile OM (200-400 °C) - mainly polysaccharides; 

4. intermediate OM (400-600 °C) - proteins and aliphatic compounds; 

5. recalcitrant OM (600-800 °C) - lignins, polyphenols, and condensed aromatic structures. 
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• Raman spectral characteristics include the widths, positions, and intensity ratios of the 
G (graphite) and D (defect) bands.

• Non-specific Raman spectra;

• the D band is not visible (normally appears as a broad peak at around 1325 - 1380 cm-1);

• The G band is barely visible (1592 cm-1);

• It was not possible to calculate the ID/IG ratio
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 Higher pyrolysis temperature (700 °C) significantly improves

porosity, specific surface area, and thermal stability of biochar.

 Wheat straw biochar contains high C and O

 Raman spectra show low graphitization and low structural defects,

especially in WS700.

 WS700 shows potential for use in soil remediation, water treatment,

and high-temperature industrial processes.
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