Fuel-Nitrogen Chemistry in Coal, Biomass and Cofired Low-NO, Flames
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Objective: Experimentally investigate fuel-nitrogen chemistry differences among coal,
biomass and cofiring flames
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6 flames studied through detailed gas species measurement.
Characterization of flames shows self consistent, repeatable data; suitable for model validation.

Fuel Analysis Test Matrix
Analysis | Coal | Straw | Wood | Center | Annular
Test ID S
Proximate (dry, mass%) kghr) | kgmr) |
Fixed Carbon | 515 | 156 | 154 Coal ?gasl none | 0.80 | 1.0
Volatile 406 | 795 | 841 (S 3)
Ash 789 | 491 | 052 Straw (Z‘gﬁ‘;’) none | 0.76 | 1.0
Moisture 241 77 7.8
Wood
Y 73213 | 7951 | 8490 Wood 5) None | 0.84 | 1.0
Ultimate (dry, mass%) Cofiring Straw Coal 081 1.0
c 748 | 473 | 51 1.0 (15.1) (7.5) -
" 508 | 568 | 57 Cofing | Straw Coal [ ol 20
o 101 | 416 | 426 20 (;3'5) @7
ine
N 153 | 054 | 014 gio | staw | none |079| 10
s 058 | <0.01 | <0.01 raw (28)

Results and Discussion

Coal Straw

Cofiring 1.0 Cofiring 2.0 Fine Straw

Wood

‘Average NU (ppm)

NO formation / destruction

—o— Coal
O Straw
—4- Cofiring 1.0

VPRI e SR |

HCN formation / destruction NH3 formation / destruction

200

» —o— Coal

P o Straw
b4 - Cofiing 1.0
I —=— Cofiring 2.0
Fine Straw

-—<— Wood

—%— Cofiring 2.0
Fine Straw
-—-— Wood

"Average NH3 (ppm)

¥ N Y
X \V—ng;x—&

e K ‘ o

-10 40

%0 140
Axialdistance from quarl (cm)

-10 40 190 244 190 2

% 140
Adal distance from quarl (cm)

%0 140
vial distance from auarl (cm)

HCN (ppm)

NH; (ppm)

Fame | oy masete)| (ary. maikd) | (opm) | eficoncy (%) | PNOMMBTU
Coal 153 49.8 165 58 0.15
Straw 054 29.2 108 66 0.10
Cofing 1.0 | 0.87 405 127 58 0.12
Cofiing 2.0 | 0.93 39.2 137 55 0.12
Fine Straw | 054 292 86 5 0.08
Wood 0.14 71 64 1 0.05

1 — Effluent NO
Production

Large flame volumes promote
N, formation from fuel-N. Under
similar conditions, biomass
flames are generally larger.

Presence of NH; promotes

NO

2 — Fuel-N Chemistry

Fuel-N in biomass
primarily evolves through
NH,

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