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Alkali Content and Slagging Potential of Various Biofuels

Many biomass fuels cause slagging and other forms of deposit formation during combustion. These deposits can 
reduce heat transfer, reduce combustion efficiency, and damage combustion chambers when large particles 
break off. Research has focused on two alkali metals, potassium and sodium, and silica, all elements commonly 
found in living plants. In general, it appears that faster growing plants (or faster growing plant components such 
as seeds) tend to have higher concentrations of alkali metal and silica. Thus materials such as straw, nut hulls, 
fruit pits, weeds, and grasses tend to create more problems when burned than wood from a slow growing tree.

Potassium and sodium metals, whether in the form of oxides, hydroxides, or metallo-organic compounds tend to 
lower the melting point of ash mixtures containing various other minerals such as silica (SiO2). The high alkali 
content (up to 35%) in the ash from burning annual crop residues lowers the fusion or 'sticky temperature' of 
these ashes from 2200' F for wood ash to as low as 1300' F. This results in serious slagging on the boiler grate 
or in the bed and fouling of convection heat transfer surfaces. Even small percentages (10%) of some of these 
high alkali residues burned with wood in conventional boilers will cause serious slagging and fouling in a day or 
two, necessitating combustion system shutdown.

A method to predict slagging and fouling from combustion of biomass fuels has been adapted from the coal 
industry. The method involves calculating the weight in pounds of alkali (K20 + Na20) per million Btu in the fuel 
as follows:

1 x 106                                                           lb Alkali
------------   X    % Ash X % Alkali of the Ash =  -------------
Btu/lb                                                             MM Btu

This method combines all the pertinent data into one Index Number. A value below 0.4Ib/MM Btu is considered a 
fairly low slagging risk. Values between 0.4 and 0.8 lb/MM Btu will probably slag with increasing certainty of 
slagging as 0.8 lb/MM Btu is approached. Above 0.8 lb/MM Btu, the fuel is virtually certain to slag and foul.

Fuel Btu/lb (dry) Ash % % in Ash lb/ton lb/MMBtu

WOOD Minimal Slagging
Pine Chips 8,550 0.70% 3.00% 0.4 0.07 .4 lb/MMBtu
White Oak 8,165 0.40% 31.80% 2.3 0.14

Hybrid Poplar 8,178 1.90% 19.80% 7.5 0.46
Urban Wood Waste 8,174 6.00% 6.20% 7.4 0.46 Probable Slagging
"Clean"
Tree Trimmings 8,144 3.60% 16.50% 11.9 0.73

PITS, NUTS, SHELLS
Almond Shells 7,580 3.50% 21.10% 14.8 0.97 Certain Slagging

Refuse Derived Fuel 5,473 9.50% 9.20% 17.5 1.60

GRASSES
Switch Grass 7,741 10.10% 15.10% 30.5 1.97
Wheat Straw-average 7,978 5.10% 31.50% 32.1 2.00
Wheat Straw-hi alkali 7,167 11.00% 36.40% 80.0 5.59
Rice Straw 6,486 18.70% 13.30% 49.7 3.80

Bagasse - washed 8,229 1.70% 12.30% 4.2 0.25
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