
 

2. PHYSICOCHEMICAL PROPERTIES OF BIOCHAR  
This chapter provides an overview of the physical and chemical properties of 
biochar, as determined mainly by feedstock and the pyrolysis operational 
conditions. The combined heterogeneity of the feedstock and the wide range 
of chemical reactions which occur during processing, give rise to a biochar 
product with a unique set of structural and chemical characteristics (Antal and 
Gronli, 2003; Demirbas, 2004). A primary focus was given to those 
characteristics that are more likely to impact on soil properties and processes 
when biochar is incorporated into soil. The implications of such characteristics 
in the context of the biochar-soil mixture are discussed in Chapter 3. More 
detailed information on a wider range of biochar properties can be found in 
the relevant scientific literature (e.g. Lehmann and Joseph, 2009; and others). 

2.1 Structural and Chemical Composition 
 

2.1.1 Structural composition 
Thermal degradation of cellulose between 250 and 350ºC results in 
considerable mass loss in the form of volatiles, leaving behind a rigid 
amorphous C matrix. As the pyrolysis temperature increases, so thus the 
proportion of aromatic carbon in the biochar, due to the relative increase in 
the loss of volatile matter (initially water, followed by hydrocarbons, tarry 
vapours, H2, CO and CO2), and the conversion of alkyl and O-alkyl C to aryl C 
(Baldock and Smernik, 2002; Demirbas 2004). Around 330ºC, polyaromatic 
graphene sheets begin to grow laterally, at the expense of the amorphous C 
phase, and eventually coalesce. Above 600ºC, carbonization becomes the 
dominant process. Carbonization is marked by the removal of most remaining 
non-C atoms and consequent relative increase of the C content, which can be 
up to 90% (by weight) in biochars from woody feedstocks (Antal and Gronli, 
2003; Demirbas, 2004).  
 

  

Figure 2.1 Putative structure of charcoal (adopted from Bourke et al., 2007). A model of a 
microcristalline graphitic structure is shown on on the left and an aromatic structure containing 
oxygen and carbon free radicals on the right 

 
It is commonly accepted that each biochar particle comprises of two main 
structural fractions: stacked crystalline graphene sheets and randomly 
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ordered amorphous aromatic structures (Figure 2.1). Hydrogen, O, N, P and S 
are found predominantly incorporated within the aromatic rings as 
heteroatoms (Bourke et al., 2007). The presence of heteroatoms is thought to 
be a great contribution to the highly heterogenous surface chemistry and 
reactivity of biochar (see the next section). 
 

2.1.2 Chemical composition and surface chemistry 
Biochar composition is highly heterogeneous, containing both stable and 
labile components (Sohi et al., 2009). Carbon, volatile matter, mineral matter 
(ash) and moisture are generally regarded as its major constituents (Antal and 
Gronli, 2003). Table 2.1 summarizes their relative proportion ranges in 
biochar as commonly found for a variety of source materials and pyrolysis 
conditions (Antal and Gronli, 2003; Brown, 2009).  

Table 2.1 Relative proportion range of the four main components of biochar (weight percentage) 
as commonly found for a variety of source materials and pyrolysis conditions (adapted from 
Brown, 2009; Antal and Gronli, 2003) 

Component Proportion (w w-1) 
Fixed carbon 50-90 
Volatile matter (e.g. tars) 0-40 
Moisture 1-15 
Ash (mineral matter) 0.5-5 

 
The relative proportion of biochar components determines the chemical and 
physical behaviour and function of biochar as a whole (Brown, 2009), which in 
turn determines its suitability for a site specific application, as well as transport 
and fate in the environment (Downie, 2009). For example, coarser and more 
resistant biochars are generated by pyrolysis of wood-based feedstocks 
(Winsley, 2007). In contrast, biochars produced from crop residues (e.g. rye, 
maize), manures and seaweed are generally finer and less robust (lower 
mechanical strength). The latter are also nutrient-rich, and therefore, more 
readily degradable by microbial communities in the environment (Sohi et al., 
2009). The ash content of biochar is dependent on the ash content of the 
biomass feedstock. Grass, grain husks, straw residues and manures 
generally produce biochar with high ash contents, in contrast to that from 
woody feedstocks (Demirbas 2004). For instance, manure (e.g. chicken litter) 
biochars can contain 45% (by weight) as ash (Amonette and Joseph, 2009). 
Moisture is another critical component of biochar (Antal and Gronli, 2003), as 
higher moisture contents increase the costs of biochar production and 
transportation for unit of biochar produced. Keeping the moisture content up 
to 10% (by weight) appears to be desirable (Collison et al., 2009). In order for 
this to be achieved, pre-drying the biomass feedstock may be a necessity, 
which can be a challange in biochar production.  
 
Despite the feasibility of biochar being produced from a wide range of 
feedstocks under different pyrolysis conditions, its high carbon content and 
strongly aromatic structure are constant features (Sohi et al., 2009). 
According to Sohi et al. (2009), these features largely account for its chemical 
stability. Similarly, pH shows little variability between biochars, and is tipically 
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