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Cos’è il biochar 







Char from fir wastes (500°C/30 min) 

Char from chicken manure (600°C/45 min) 



AMAZONIAN DARK EARTH SOILS (TERRA PRETA) 

Recognised hypothesis 

Agricultural activity of ancient 
populations; 

Deposition of plant residues; 

Deposition of ashes and coal 
produced from use of fires; 

All those factors contribute to 
the formation of dark soils in 
Amazonia basin. These soils 
result very fertile due to the 
large amounts of C, P, Ca, Mg, 
Zn and Mn. 



Available research and trials mainly show that biochar amendments result in 
appreciable improvements of soil fertility: 

1. soil cation exchange capacity is increased. 

2. soil microbial functions are enhanced; the porous structure of biochar 
forms a safe haven for microbes that make nutrients available to crops. 

3. nutrient retention capacity of soils is improved thus preventing leaching 
and erosion; this allows farmers to  reduce organic and inorganic 
fertilizers. 

4. water retention capacity of soils is improved; the porous structure of 
biochar holds water and prevents the moisture from evaporating. 

5. biochar variously affects  soil pH depending on inorganic and organic soil 
constituents.  









Industrial gasification process: biochar is only a by-product 



Scheme of the 
reactions during 

gasification 



Industrial gasifier 



Effects of biochars on plant growth 
Radish seeds 



Radish plants after 5 days 
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Environmental applications 

  

Curve di assorbimento 
Char di abete dopo 4 h di assorbimento 
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Curva di assorbimento di tipo S 
Il numero di siti attivi aumenta 
all’aumentare dell’adsorbimento e 
l’isoterma presenta una curvatura 
verso l’alto. Si tratta di 
assorbimento cooperativo. 



Environmental applications 

  

Curve di assorbimento 
Char di pollina dopo 4 h di assorbimento 

Curva di assorbimento di tipo L 
Si spiega con la diminuzione dei siti 
attivi disponibili all’aumentare 
dell’adsorbimento 



  
Char di pollina: caratterizzazione via GC-MS 



Curva di ritenzione dell’acqua e indice 

strutturale del suolo  

La figura mostra le curve di 

ritenzione idrica di un suolo 

ammendato con quantità crescenti di 

carbone vegetale (biochar) ottenuto 

per gassificazione di biomassa 

forestale (pioppeto). θ è il contenuto 

volumetrico di acqua e h è il 

potenziale di matrice (la forza che è 

necessaria per estrarre l’acqua legata 

alla matrice porosa). 

La figura mostra come la quantità di 

acqua legata al suolo aumenti 

all’aumentare della quantità di 

carbone aggiunto. 

Applicazione di carbone di pioppo al suolo 



Curva di ritenzione dell’acqua e indice 

strutturale del suolo  

Applicazione di carbone di pioppo al suolo 

Conseguenze: 

 

l’aumento di ritenzione idrica 

comporta una migliore struttura del 

suolo e, di conseguenza, una migliore 

resistenza all’erosione. 

 

Si inibiscono i processi di 

desertificazione 



Biochar produced from gasification of 
 
1. Poplar residues 
2. Residues from coniferous trees 
3. Marc residues 

Chemical shift (ppm) 
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poplar char is richer in small sized pores, whereas large 
pore sizes appear to be characteristic for the conifer char. 

Samples 
Surface area 

(m2∙g-1) 

    

Marc char 42±4 

Poplar char 98±6 

Conifer char 66±5 



Increase in relaxation rate is related to the 
different pore sizes. The smaller the pore size, the 
stronger are the dipolar interactions thereby 
leading to faster R1 values 

Relaxation rate 
increase 



Biochar – hydrophobic 
Water – hydrophilic 

Do they chemically interact? 
 

What do we expect? 



Surface properties of poplar biochar 

Temperature variation of 
T1 values at 39 MHz 



R1 increases as 
temperature is 
enhanced 



Relaxation rate (R1) is given by the combination of the outersphere and the 
innersphere contributions 

Outersphere mechanism 

Innersphere mechanism 

Innersphere mechanism 

Non mediated by H-bonding 

Mediated by H-bonding 



Relaxation rate (R1) is given by the combination of the outersphere and the 
innersphere contributions 

Outersphere mechanism 

Correlation time measures 
the time needed for the 
molecular reorientation. The 
higher the temperature, the 
shorter is the time needed 
for a molecule to reorientate.  
 
The outersphere mechanism 
does not explain the NMRD 

profiles.  



Relaxation rate (R1) is given by the combination of the outersphere and the 
innersphere contributions 

Innersphere mechanism 

If T1M >> tM fast motion 
regime occurs; temperature 
increase is associated to R1 
decrease 
 
If T1M << tM slow motion 
regime occurs; temperature 
increase is associated to R1 
increase 



Relaxation rate (R1) is given by the combination of the outersphere and the 
innersphere contributions 

The innersphere mechanism 
is predominant. 
 

Weak non conventional 
hydrogen bonds occurr 

between metal impurities, 
aromatic biochar centers 

and water molecules 



Attempt to measure H-bond strength 

Arrhenius graphs 
reporting the 
temperature variations 
of the relaxation rate 
values. 
 
Activation energy of 6 
kJ/mol  
 
This activation energy 
value is consistent with 
H-bonds between water 
molecules and p-systems 
in aromatic molecules 




