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Abstract
Twelve black carbon samples prepared from various source 
materials by fast pyrolysis, slow pyrolysis, and hydrothermal 
conversion methods and three samples isolated from coal 
or wood fly ashes were characterized for their cation and 
anion exchange capacities, pH, moisture holding capacity, 
specific surface, crystallinity, and microscopic 
morphologies. A wide range in properties was observed, 
and were largely correlated with method of preparation 
rather than source material. These results indicate that 
careful consideration needs to be given to the specific 
properties of each black carbon before using it as a soil 
amendment. In general, black carbon produced by slow 
pyrolysis and hydrothermal conversion was suitable for soil 
amendment. For black carbon produced by most fast 
pyrolysis methods, additional processing to increase cation
exchange capacity and lower pH is recommended before 
application to soil.
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Focused Ion Beam Scanning Electron Microscopy

CCOB Char Sample CCOB Char Sample

In terms of their chemical properties, the slow pyrolysis and 
hydrothermal conversion chars are very similar.  They typically have 
slightly acidic pHs, high CECs, and high titratable acidic functional 
groups.  Their XRD patterns show a very low degree of crystallinity, 
and are similar regardless of their biomass source.  However, their 
microscopic structures can be quite different (e.g., PCEB and HYT 
FIB-SEM cross sections), and this seems to be the only effect of 
biomass type on their properties.  These chars also seem to have
lower H2O holding capacities (MHC) than the fast pyrolysis chars, 
probably due to a combination of  larger pore sizes and the 
presence of entrained bio-oils.  Treatment with methanol increases 
their MHC significantly.

The fast pyrolysis and flash pyrolysis chars, on the other hand 
present a more heterogeneous group, probably due to the wide 
variety of fast pyrolysis conditions encountered in the separate 
processes.  They typically have highly alkaline pHs, relatively low to 
moderate CECs,and high titratable basic functional groups.  Their 
specific surfaces vary significantly and pore sizes tend to be smaller 
than for the slow pyrolysis chars.  Their MHCs are larger than for 
the slow pyrolysis chars, and show little change with methanol 
extraction, suggesting lower quantities of entrained bio-oil.  As with 
the slow pyrolysis chars, however, their microscopic structures 
reflect the source biomass.

The combustion char is similar in some respects to the fast-
pyrolysis chars, in that it has a high specific surface, small pore 
size, and high MHC.  It differs from all the pyrolysis chars, however, 
in having a relatively low C content, as seen in the XRD pattern
where entrained mineral phases are prominent and the amorphous 
C peaks are relatively minor features.

From the standpoint of suitability as soil amendments, the slow 
pyrolysis chars generally seem well-suited due to their high CECs
and moderate pHs.  Relatively poor moisture retention may be an 
issue, however.  Post-pyrolysis treatment of the fast-pyrolysis chars 
may be needed, except for acidic soils where liming is desired. 


