
0 1 2 3 4 5 6 7 8 9
CO (%)

0

10

20

30

40

50

60

70

80

90

N
H

3/
H

C
N

Relative NH3 to HCN - Straw

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.0
CO (%)

0

2

4

6

8

10

N
H

3/
H

C
N

Coal (○)

Straw ( )

Fuel-Nitrogen Chemistry in Coal, Biomass and Cofired Low-NOx Flames
Brad Damstedt, Justin Jones, Craig Christensen, Chris Johnson, Tom Jones, Mads Muff, Dale Tree, Larry Baxter 

Brigham Young University – 2007

Objective: Experimentally investigate fuel-nitrogen chemistry differences among coal, 
biomass and cofiring flames
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Major: O2, CO2*, CO*, H2O

Minor: CH4, C2H2, C2H4, aromatic

N: NO*, HCN, NH3 (*doubly measured)

Test ID Center
(kg/hr)

Annular 
(kg/hr) φ S

Coal Coal 
(15.3) none 0.80 1.0

1.0

1.0

1.0

2.0

Fine 
Straw

Fine 
Straw 
(28)

none 0.79 1.0

Straw Straw 
(26.5) none 0.76

Wood Wood 
(28) None 0.84

Cofiring 
1.0

Straw 
(15.1)

Coal 
(7.5) 0.81

Cofiring 
2.0

Straw 
(13.5)

Coal 
(8.7) 0.83

Analysis Coal Straw Wood
Proximate (dry, mass%)

Fixed Carbon 51.5 15.6 15.4
Volatile 40.6 79.5 84.1

Ash 7.89 4.91 0.52
Moisture 2.1 7.7 7.8

HHV 13213 7951 8490
Ultimate (dry, mass%)

C 74.8 47.3 51
H 5.08 5.68 5.7
O 10.1 41.6 42.6
N 1.53 0.54 0.14
S 0.58 <0.01 <0.01 
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Fuels and FlamesFacilities

Dual feed burner: Independent 
feeding of two fuels, S ranges 0-3.5

Burner Flow Reactor: 150 kW, axisymmetric,  
exceptional flame access, quantitative gas measurement 

6 flames studied through detailed gas species measurement.      
Characterization of flames shows self consistent, repeatable data; suitable for model validation.

Results and Discussion
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2 – Fuel-N Chemistry

Fuel-N in biomass 
primarily evolves through 
NH3

NH3 is more thermally stable 
than HCN in both biomass 
and straw flames

Relative NH3/HCN

1 – Effluent NO 
Production
Large flame volumes promote 
N2 formation from fuel-N. Under 
similar conditions, biomass 
flames are generally larger.

Presence of NH3 promotes 
advanced reburning reactions, 
causing in-flame reduction of 
NO

Fuels with lower fuel-N show 
increased NO  production 
efficiencies, but due to other 
factors (flame volume, 
NH3/HCN), this is not certain

Fuel Analysis Test MatrixParticle Size Distribution


