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Directions of Chemical Change
During Biomass Gasification

Gasification Processes
For converting solid fuels to gaseous fuels:

O = oxygen process

S = steam process

H = hydrogen process

F = fast pyrolysis process
P = slow pyrolysis process

© Blomass
x Peat
® Coal
u Char

L = Lignin
B = Biomass (lignoceilulose)
C = Cellulose/Hemicellulose

Combustion
Fuels- Fuels . Products

co CO,
05

(Source: Reed, 1981)
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Mole Fraction
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Figure S-3. Equilibrium Composition for Adiabatic

Air/Biomass Reaction
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Temperature (K)
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Main Gasification Reactions

Combustion:
Carbon: C+ 02 = CO2 + 393.77 kd/mole
Hydrogen: H2 + 2 02 = H20 + 742 kJ/mole

Carbon Monoxide: CO +7202 = CO2 + ???
(add in other gasses, tars)

Reduction:
Boudouard Reaction;: CO2 + C =2C0O - 172.58 kd/mole
Water Gas: C + H20 = CO + H2 — 131.38 kd/mole
Shift Reactions:

Water Shift: CO + H20 = C0O2 + H2 + 41.2 vkJ/mole
Methanization: C + 2H2 = CH4 + 74.9 kd/mole
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Reaction Equilibrium: CO2 + C <==> 2CO
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FIGURE 3.3 Boudouard reaction equilibrium: variation of carbon monoxide and carbon dioxide concentra-
tions for gasification of carbon with oxygen (a) with temperature at a pressure of 1.0 atm, and (b) with pressure
at a temperature of 800°C.

Source: Basu, Prabir. Combustion and Gasification in Fluidized Beds, pg 70, 2006.
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Reaction Equilibrium: H20 + C <==>H2 + 2CO
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FIGURE 3.4 Water—gas reaction equilibrium: variation of carbon monoxide, hydrogen and steam (a) with
temperature at a pressure of 1.0 atm, and (b) with pressure at a temperature of 800°C.

Source: Basu, Prabir. Combustion and Gasification in Fluidized Beds, pg 71. 2006
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Reaction Equilibrium: C + H2 <==> CH4
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FIGURE 3.5 Variation of methane and hydrogen concentration at equilibrium (a) with temperature at a
pressure of 1.0 atm, and (b) with pressure at a temperature of 800°C.

Source: Basu, Prabir. Combustion and Gasification in Fluidized Beds, pg 72. 2006
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Chemical Composition of Wood:
Cellulose, Hemicellulose, Lignin & Extractables

. OH CH,OH
fro K '8
- H
\C/ /OH'-‘_‘O/ \C/O\""(!‘,/ \C/OH
H—" H ~H
0 "¢ o
\O/,..-—‘ / S~gH-" / ""“0--./
“\\C/,f/\ L\\\“c “\\\C \h
H Now |
CH.OH H CH.OH
The Cellulose Molecule
H - COOH COOQOH

Xylan Acid Xylans-Terminal Groups
Xylan Hemicellulose Structures
c-c-C c-c-C c-Cc-C
CH,0 OCH, OCH,
OH OH _ OH
p-hydroxylphenylpropane syringylpropane guaiacylpropane

Several Monomer Units in Lignin

EXTRACTABLE COMPONENTS OF WOOD

Volatile Oils (removed by steam or ether soluble)

Terpenes (C 4
Sesamterpene (d sHy
and their omgmateé derivatives

Resins and Fatty Acids (soluble in ether)

Resin acids (CooH

Fatty acids (01e1c JL\HO%EIC, palmitic)

Gl;cer;l esters of fatty acids

Waxes (esters of monohydroxy alechols and fatty aecics)
Phytosterols (high molecular weight cvelie alechols)

Pigments (soluble in aleohol)

Flavenels (multi-ring naphthenic and aromatie
Pyrones aleohals, chlorides,
Anthranols | ketones acids)

Tannins (amorphous polyhydroxvlie phenols)
Carbohydrate Components (water soluble)

Starch

Simple sugars

Organic acids
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Table 3-3.

AND BIOMASS MATERIALS

(Dry Basis, Weight Percent)

PROXIMATE ANALYSIS DATA FOR SELECTED SOLID FUELS

Reference

Coals
Pittsburgh seam coal
Wyoming Elkol coal
Lignite

QOven Drv Woods
Western hemiock
Douglas fir
White fir
Pondercsa pine
Redwood
Cedar

QOven Drv Barks
Western hemlock
Douglas fir
White fir
Ponderosa dine
Redwood
Cedar

Mill Woodwaste Samples
-4 Mesh redwood shavings
-1 Mesh Alabama oakehips

Municipal Refuse and Major Components

National average waste

Newspaper {9.4% of average waste)

Paper boxes (23.4%)
Magzazine paper (6.8%)
Brown paper (5.6%)

Pvrolvsis Chars
Redwood (730 F to 1020 F)
Redwood (800 F to 1725 F)
Oak (820 F to 1185 F)
Qak (1060 F)

Volatile Fixed

Matter Carbon
(VM*) (FC*) Ash*
33.9 85.8 10.3
44.4 51.4 4.2
43.0 46.6 10.4
84.8 15.0 0.2
86.2 13.7 0.1
84.4 15.1 0.5
87.0 12.3 0.2
83.5 16.1 0.4

7.0 21.0 2.0
74. 24.0 1.7
70.6 27.2 2:2
73.4 24.0 2.6
73.4 25.9 0.7
T1.3 27.9 0.8
86.7 13.1 0.2
76.2 23.5 0.3
74.7 21.9 3.3
65.9 9.1 25.0
86.3 12.2 1.3
81.7 12.9 5.4
69.2 7.3 23.4
g89.1 9.8 1.1
30.0 67.7 2.3
23.9 72.0 4.1
25.8 59.3 14.9
27.1 35.6 i7.3

Bituminous Coal Research 1974
Bituminous Coal Research 1974
Bituminous Coal Research 1974

Howlett and Gamache 1977
Howlett and Gamache 1977
Howlett and Gamache 1977
Howlett and Gamache 1977
Howlett and Gamache 1877
Howlett and Gamache 1977

Howlett and Gamache 1977
Howlett and Gamache 1877
Howlett and Gamache 1977
Howlett and Gamache 1977
Howlett and Gamache 1977
Howlett and Gamache 1977

Boley and Lenders 1969
Boley and Landers 1969

Klass and Ghosh 1973
Klass and Ghosh 1973
Klass and Ghosh 1973
Klass and Ghosh 19732
Klass and Ghosh 1973

Howlett and Gamache 1877
Howlett and Gamache 1277
Howlett and Gamache 1377
Howliett and Gamache 1977
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