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Chemical studies for utilization of bioashes

Bioashes are formed in the gasification or burning of biomass. Ashes from 
burning are heavier and finer than ashes from gasification. The physical 
and chemical properties of ashes varies depending on factors such as the 
ratio of the fuels burnt or gasificated as well as burning or gasification 
technique. Determination of solubility properties is important because  
there are limit values for maximal allowable heavy metal concentrations of 
ashes. Limit values in forest fertilizer are lower than the corresponding 
values in agricultural use. 

Electrical conductivity estimates the amount of dissolved ions in aqueous 
solution. pH estimates hydrogen ion concentration in water solution. If pH = 
7, the solution is neutral. In alkaline solution pH > 7 and correspondingly in 
acidic solution pH < 7. 

Determination of the dry matter content of the ash is carried out according 
to the standard SFS-EN 12880 in which sample is dried overnight to a 
constant mass at 105 ºC. The organic matter content, expressed as the 
loss-on-ignition value is determined according to the standard SFS-EN 
12879 in which dry sample is ignited overnight at 550 ºC. 

Basic properties   

In table 1 is presented physical and chemical properties which usually 
are determined from bioashes.

Determination of the total organic carbon concentration (TOC) of the 
ashes are carried out according to the standard SFS-EN 1484 where 
sample is oxidized and the evolved carbon dioxide is measured. In  
practice results of the total organic carbon are dissolved organic carbon 
(DOC) because ashes are extracted with water before measurement. 
Total carbon concentration (TC) is determined by elementary analysis 
and biodegradation rate is measured with BOD Oxitop method.

Neutralizing and reactivity values are important quantity when we are 
thinking about liming effect of ashes. Determination of neutralizing value 
is carried out according to the standard SFS-EN 12945. In the 
determination the dried sample is dissolved in a specific quantity of a 
standard hydrochloric acid solution and determination of the excess acid 
is carried out by titration with a sodium hydroxide solution. The capacity 
of liming agent to neutralize soil acidity depends on its content of soluble 
bases such as oxides, hydroxides, carbonates and silicates.  
Determination of reactivity value is carried out according to the standard 
SFS-EN 13971. Reactivity value is determination of the speed and 
effectiveness of the neutralizing potential of ashes and it is carried out by 
potentiometric titration with hydrochloric acid. 

Normally pH drops when acidic substance is added to the solution 
because acid includes hydrogen ions. Buffer solution is able to retain pH 
almost constant when small amount of acid is added. If the solution  
contains ions that have ability to neutralise the added hydrogen ions the 
pH value will not drop as much. Such buffering ions are hydrogen 
carbonates, carbonates and hydroxides. Buffer capacity determination is 
carried out by titration ash in aqueous solution by hydrochloric acid. The 
amount of moles hydrochloric acid is needed that pH reachs spesific 
value can be calculated from titration curve. Buffer capacity determination 
simulates for example the effect of acidic rainwater and thus solubility of 
metals.  

Neutralizing value and buffer capacity



Determination of nutrients   

Sequential leaching

Determination of nutrients is carried out according to the procedure of MTT 
Agrifood Research Finland. Easily soluble Ca, Na, K and Mg is extracted 
with extraction solution which includes ammonium acetate and acetic acid. 
Cu and Zn is extracted with solution including also Na2 EDTA. 
Determination of nutrients concentration is carried out with  ICP-OES or 
ICP-MS.

A five-stage sequential leaching procedure is represented in adjacent 
figure and it is used to determine metals and other elements in ash. The 
solubility of heavy metals depends strongly on conditions, for example pH, 
ligands and anions which are in solution and solubility various for different 
heavy metals. Leaching divides heavy metals and other element to the 
fractions: water soluble, exchangeable, easily reduced, oxidizable and  
residual fraction. The first stage simulates acidic rainwater and gives 
information for evaluating the risk of environmental pollution by locating 
ash to nature.  

Parameter Unit According to 
standard

Electrical conductivity mS/cm

pH -

Dry matter content % SFS-EN 12880

Loss on ignition % SFS-EN 12879

DOC mg/l SFS-EN 1484

TC %

BOD mg/l O2

Neutralizing value % (Ca) SFS-EN 12945

Reactivity value % (Ca) SFS-EN 13971

Buffer capacity mol HCl

Table 1. Typical physical and chemical properties determined from ashes.
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1 g of ash + 40 ml deionized water, 
shaking 16 h at 25 °C

Filtration

40 ml 0,1 M CH3 COOH,
shaking 16 h at 25 °C

40 ml 0,1 M HONH2 Cl,
shaking 16 h at 25 °C

10 ml 30 % H2 O2 , evaporation
10 ml 30 % H2O2, evaporation

50 ml 1 M CH3 COONH4 ,
shaking 16 h at 25 °C

20 ml HF, shaking 8 h at 25°C, evaporation
20 ml HF + 20 ml 65 % HNO3 , shaking 6 h

at 25 °C, evaporation
20 ml 30 % HCl, shaking 6 h at 25 °C

Filtration

Filtration

Filtration

Water soluble 
fraction

Exchangeable
fraction

Easily reduced
fraction

Oxidizable
fraction

Residual
fraction
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