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1．Introduction

Biomass combustion ash has a potential to be applied as 
fertilizer since it contains K2O which is an essentials macro-
nutrient for plants and low level of heavy metals. However, its 
direct utilization is limited by the presence of unburned carbon 
content and the low content of soluble potassium. Therefore, 
developing efficient methods to separate unburned carbon and 
to increase the soluble-potassium content is crucial for 
enhancing the value of biomass combustion ash for fertilizer 
application.

2． Separation of unburned carbon by using tilted sidewall 
louver classifier

A novel louver classifier geometry with tilted sidewall was 
used to separate the unburned carbon (UC) from biomass 
combustion ash. Based on CFD simulation, the tilted sidewall 
in the louver classifier increased the downward velocity in the 
classification region, led to increase the separation perfor-
mance. Based on the experimental result, this novel-modified 
louver classifier increased the reduction of unburned carbon 
(RUC) in ash up to 83.8%. The RUC increased with a cut size 
of classified ash which was achieved when a high inlet flow 
velocity and high blow-up ratio are applied. The lowest UC 
content achieved in this study by using novel louver classifier 
geometry was under 5%LOI (Loss on Ignition), meet the 
criteria for soil and agricultural use.

3．Water- and citric acid soluble potassium

The classification methods in the two types of woody 
biomass combustion fly ash revealed that the potassium 
concentration increased as the median diameter decreased. 

The potassium components could be present as finer particles 
or as cover over coarser particles composed of crystalline 
SiO2. Differences in the existence forms of the potassium 
components caused differences in the dependence of potas-
sium concentration on the median diameter. The water and 
citric acid soluble potassium concentration of the classified 
ash in which their potassium existed as finer ash particles 
exceed the commercial standard for fast- and slow- release 
potassium fertilizer.

Moreover, the enhancement of soluble potassium content in 
biomass combustion fly ash was investigated by transforming 
insoluble potassium into soluble forms through heat treatment 
on insoluble potassium at 700–950°C by kaolin addition. The 
presence of kaolin effectively hindered formation of the less 
soluble crystalline phase of K2SiO3, instead facilitating the 
production of cubic leucite, a more soluble form of potassium 
in citric acid. This treatment improved the potassium solu-
bility in citric acid from 12.2 to 17.9 mg/g.

Furthermore, the value of biomass combustion ash as ferti-
lizer can be fully realized when its combustion ash deposited 
in the bottom of cyclone classifier called bottom ash can also 
be used, in addition to fly ash. As the bottom ash has less 
dependence of soluble potassium on its median diameter, it 
could be assumed that the potassium components of bottom 
ash present as cover over coarser ash particles. The pulveriza-
tion and classification have successfully improved the surface 
of ash particles to recover potassium and silicon elements 
simultaneously from woody biomass bottom ash. By 
controlling the operation conditions of these methods, the 
finer particles containing potassium abundantly has separated 
from the surface of larger particles containing silicon compo-
nent via surface grinding, resulting the ash particles that have 
a higher recovery of acid-soluble potassium from silicon 
components. These findings highlight the versatility of the 
elemental technologies for utilization of biomass combustion 
ash as fertilizer. 
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