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GR-Granuli
Optimization of the combustion process 
with the right bed material

Reliable energy production

Bed sintering is a considerable problem for combustion plants; it reduces the usability of the plant, 

which, in the worst case, will cause significant expense if energy production has to be suspended 

due to bed sintering. By choosing GR-Granuli as the fluidized material, fluidized bed sintering can be 

significantly reduced or stopped altogether. 

Natural sand is often used as an inert fluidized material in fluidized bed boilers.

However, the problem with a natural sand bed is the sintering of the fluidized material. Studies 

have found that the cause of this is the quartz contained in natural sand, which reacts with the 

alkalis (sodium and potassium) contained in the fuel ash. When the quartz and the alkalis react, a 

mixture with a low melting point is formed. As this mixture makes bed material particles agglom-

erate, it disturbs the fluidization process and may, in the worst case, stop the fluidization altogether. 

Wood-based fuels in general and forest residue in particular, as well as biomass and sludge, have 

high alkali content, which complicates the combustion process. The solution to these problems is 

GR-Granuli, the fluidized material that does not react to alkalis. 
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GR-Granuli is a quartz-free bed material manufactured from blast furnace slag. It is available in two 

different forms; the furnace slag is either cooled quickly with water or cooled with air. The wa-

ter-cooled slag is in an amorphous form and crystallizes at a temperature of about 850°C. The crys-

tallization heat momentarily raises the bed temperature, but the exothermic reaction takes place 

only once. 

As the air-cooled product is already in crystallized form, it does not release any crystallization heat.

• The furnace slag texture resembles that of natural sand.

• In terms of density, it is lighter than natural sand, which helps the furnace slag bed fluidize 

in a lower bed pressure than in a natural sand bed.

• Crystallized furnace slag is slightly denser than water-cooled slag.

• Both crystallized and water-cooled furnace slag have similar chemical compositions.

• Unlike water-cooled furnace slag, crystallized furnace slag does not release crystallization heat 

because it has a longer cooling period during the manufacturing process.

• Water-cooled slag contains the same compounds as crystallized slag after the release 

of crystallization heat.

• Furnace slag can be circulated in a fluidized bed for a considerably longer period of time 

than natural sand thanks to its slower contamination and non-reactivity to alkalis.

• Furnace slag is more heat-resistant and less abrasive than natural sand.
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Properties of bed material manufac-
tured from water-cooled furnace slag

• Quartz content <10%

• Furnace slag-based, quickly water-cooled product with gas bubbles.

• 

there are considerably fewer alkali reactions on particle surfaces.

• Sand contained in the fuel binds with the product and can be sifted 

out.

• Fluidized in smaller bed pressure than natural sand.

• Melting temperature / heat resistance: 1,300°C.

• Water-cooled slag is in an amorphous form and crystallizes at a 

temperature of about 850°C, releasing heat. Furnace slag does not 

contain any combustible materials.

• When tested with a steel water pipe, the abrasion of furnace slag is 

about 15% lower than that of sand.

• When tested with a low-alloy superheater tube, the abrasion of fur-

nace slag is about 25% lower than that of sand.

ELEMENT WEIGHT %

Sodium, Na 0.41

Magnesium, Mg 5.5

Aluminum, Al 4.9

Silicon, Si 16

Sulphur, S 1.2

Potassium, K 0.56

Calcium, Ca 30

Titanium, Ti 0.89

Vanadium, V 0.05

Manganese, Mn 0.21

Iron, Fe 0.34

Strontium, Sr 0.06

Zirconium, Zr 0.02

Barium, Ba 0.11

Thermal activity (TGA/DTA)Crystal structure, X-ray diffraction 
(XRD)

Bed sand
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Properties of bed material manufac-
tured from air-cooled furnace slag

• Quartz content <5%

• Bed material manufactured from furnace slag cooled slowly with air.

• 

there are considerably fewer alkali reactions on particle surfaces.

• Sand contained in the fuel binds with the product and can be sifted 

out.

• Fluidized in smaller bed pressure than natural sand.

• Melting temperature / heat resistance: 1,300°C.

• Furnace slag does not contain any combustible materials.

• When tested with a steel water pipe, the abrasion of furnace slag is 

about 15% lower than that of sand.

• When tested with a low-alloy superheater tube, the abrasion of 

furnace slag is about 25% lower than that of sand.

ELEMENT WEIGHT %

Sodium, Na 0.39

Magnesium, Mg 5.1

Aluminum, Al 4.9

Silicon, Si 15

Sulphur, S 1.5

Chlorine, Cl 0.01

Potassium, K 0.46

Calcium, Ca 30

Titanium, Ti 1.2

Vanadium, V 0.08

Manganese, Mn 0.32

Iron, Fe 0.53

Strontium, Sr 0.05

Zirconium, Zr 0.02

Barium, Ba 0.08

No crystallization heat released

Thermal activity (TGA/DTA)Crystal structure, X-ray diffraction 
(XRD)

air-cooled
AIR-COOLED
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Summary

• When using furnace slag, the bed needs to be replaced considerably less often than with natural sand 

because there is no particle agglomeration caused by alkali reactions. Sand (quartz) possibly found in a 

fuel reacts highly with alkalis and collects bed material, resulting in lumps that can be sifted out.  

Thus, the bed can be circulated, and lumps and other incombustible materials contained in the fuel can be 

removed by sifting.

• Furnace slag fluidizes better than natural sand and swells more due to its lower density, allowing a larger 

fluidized bed to be used.

• The high melting temperature of furnace slag (1,300°C) allows for a higher combustion temperature than 

sand, improving combustion and reducing emissions formed during combustion.

• Since a furnace slag bed gets contaminated considerably slower than a natural sand bed, it has a longer 

life, and the volume of bed sand waste is significantly reduced.

• Furnace slag is a less abrasive material than natural sand.

References

Metsä Board, Kaskinen, Finland
• Switched to GR-Granuli in September 

2016 due to continuous problems with 

natural sand bed

• Sodium content of the fuel varies con-

siderably

• Bed material consumption has been 

reduced by 80% compared to natural 

sand bed

• Significantly smaller volumes of bed 

sand waste has been produced after 

bed material change

Adven Oy, Valio production plant, Oulu
Adven Oy uses GR-Granuli as bed material in sever-

al fluidized bed boilers due to its excellent properties. 

Demanding fuels make bed temperatures rise, and when 

ordinary sand is used, this leads to sintering and, in the 

worst case, vitrification in the bed.

These problems disappeared once ordinary quartz sand 

was replaced with GR-Granuli. At the same time, bed 

pressure could be lowered, and now the primary fan op-

erates longer within the optimal range. With Granuli, the 

sand replacement frequency is considerably longer than 

with ordinary sand, leading to significant cost savings 

and improved reliability.
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Fescon develops new products for fluidized bed combustion (FBC) plants in close co-operation 

with research institutions and partners. Our aim is to discover better materials and methods 

for FBC plants to utilize. 

The properties of furnace slag and its usage as fluidized bed material has been extensively 

researched in a number of studies conducted by VTT Technical Research Centre of Finland:

• VTT-S-005439-17

• VTT-S-03073-17 

• VTT-S-03075-17 

• VTT-S-02299-17

• VTT-M-02971-17  

• VTT-S-02746-17  

• VTT-S-02467-15 

A process patent is pending for the use of furnace slag as fluidized bed material. 

The deployment of GR-Granuli as fluidized material is always a specific process designed individual-

ly for each plant. The prevailing conditions in the plant must be studied carefully. The first step is to 

analyse the properties of the fuels used in the plant and their impact on the process as well as the 

structure of the actual boiler system. During the first few weeks, the rate of alkali accumulation in 

the bed is analysed, and the optimal fluidized bed replacement frequency is calculated.

Research and Development



Fescon Oy, established in 1984, is a Finnish family business that 
manufactures high-quality advanced dry products. Our product range 

contains plasters and mortars, plastering accessories, liquid paints and 
coatings, as well as silo and mixing equipment that can be rented out for 

brick-laying and plastering projects. Fescon’s strengths include high-quality 
products, speedy and reliable deliveries, excellent customer service, quick 
colour model service, and long-term product development in collaboration 

with our customers.
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