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• Typical coal/biomass specification is based on several

measurements: Caloric value, Proximate analysis, ultimate analysis, 

ash analysis, ash XRD, ash fusion test…

• Each test is performed under different conditions wrt. temperature and 

gas atmosphere.
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Vassilev, Fuel 88 (2009) 235.



• Typical coal/biomass specification is based on several

measurements: Caloric value, Proximate analysis, ultimate analysis, 

ash analysis, ash XRD, ash fusion test…

• Each test is performed under different conditions wrt. temperature and 

gas atmosphere.

• “What atmosphere should I set to compare an ash fusion test with a 

FactSage calculation?“

• “How do I consider slow reactions in the boiler?“

• “How do I choose the atmosphere when modelling deposit formation?“
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Vassilev, Fuel 88 (2009) 235.
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An accidental experiment – and its analysis

https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/B015ETW176

79 m³/h = 1320 l/min = 54 mol N2 / min

https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/B015ETW176
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T = 45°CT = 25°C
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An accidental experiment – and its analysis
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These are the two most important scenarios you need to 

look out for to set realistic gas atmosphere assumptions 

for combustion and gasification calculations!
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• Case: High-SO3 containing bituminous, high ash coal (ST= 1210°C)

• Approach 1: 

Insert high-T ash analysis, fix p(O2)
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Ash fusion

Vassilev, Fuel 88 (2009) 235.
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Ash fusion

p(O2) = 0.21 bar +2.1 mol O2

+7.9 mol N2



• Case: High-SO3 containing bituminous, high ash coal (ST= 1210°C)

• Approach 1: 

Fix p(O2)

• Approach 2:

Add O2+N2

• Approach 3:

Fix p(O2), omit SO3
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Ash fusion

SO3

Fix p(O2)

Separate volatile 
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Ash fusion

SO3 removed

p(O2) = 0.21 bar

+2.1 mol O2

+7.9 mol N2
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Melting and oxidation of sulfides from coal ashes

Sun et al., Adv. In Mech. Engin. 8 (2016) 1.

Coal+air

air
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Melting and oxidation of sulfides from coal ashes

Sun et al., Adv. In Mech. Engin. 8 (2016) 1.
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Sun et al., Adv. In Mech. Engin. 8 (2016) 1.
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Melting and oxidation of sulfides from coal ashes

T = 1500°C, vary O2 content to 

determine conditions with λ <1
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Melting and oxidation of sulfides from coal ashes
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• Case: Hazelnut shells in steam gasification
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Condensation of salts during cooling of syngas

https://phyllis.nl/Biomass/View/2875
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Condensation of salts during cooling of syngas

Rauch et al., WIREs Energy Environ 2013. doi: 10.1002/wene.97
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Condensation of salts during cooling of syngas



• Case: Hazelnut shells in steam gasification

• Here: One equilibrium calculation

• Better: “Scheil cooling“ from the

gas phase, see Abascal et al., 

Ind. Eng. Chem. Res. 55 (2016) 

6911.
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Thank you for your attention!

(no animals have been harmed during the preparation of this talk, 

but one laptop has suffered…)


