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Introduction / Problem Statement
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Economic viability of heat recovery depends on what T solid carbon 

formation and deposition occurs during cooldown for given system.
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Reactions

Gas Phase Reactions Pertinent to Gasification Systems

C CO 2 CO

Reaction Name !H° (kJ/mol)* !G° (kJ/mol)*

B d d 172 120C + CO2 = 2 CO Boudouard 172 120

C + H2O = CO + H2 Water Gas 131 91

C + 2 H2 = CH4 Methanation - 75 - 51

CO + H2O = CO2 + H2 Water Gas Shift - 41 - 29

Steam
CH4 + H2O = CO + 3 H2

Steam

Reforming
206 142

CH4 + CO2 = 2 CO + 2 H2 Dry Reforming 247 171
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Objectives and Approach
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Approach

Global Equilibrium Calculations

W 1!*)B*)-@<7G>;-T@>Q

W *88;<:D5-N6=6N6d>@-/6RR@-0;>>-#=>;SC-<O->=A6;>-N6eAT;>-
E%>A5<Q-<O-f:S;:=S>-%T7A6876>;@F

I tInputs:

W !>N8>;:AT;>

W 2;>@@T;>

W *A<N O;:DA6<=@ <O , " &

Outputs:

W %<7>-O;:DA6<=@-<O-6=Q6G6QT:7-W *A<N-O;:DA6<=@-<O-,?-"?-&

W f6@A-<O-D5>N6D:7-@8>D6>@

W/:@385:@>-g,"K?-,&?-,&J?-"J?-"J&h

W,E1F-i@<76Q-D:;R<=-X S;:856A>j

@8>D6>@

W !5>;N<QC=:N6D-8;<8>;A6>@-<O-
N6eAT;>-E!c?-!"?-!1F

E F i S 8 j

W !5>;N<QC=:N6D-8;<8>;A6>@-<O-@8>D6>@-6=-
B*)*0-O<;N:A

5

W *7@<-T@>OT7-O<;-8;>Q6DA6=S-<8A6N:7-S:@385:@>-D<=D>=A;:A6<=@

W ,&?-"J Q>@6;>Q-8;<QTDA@k-,"K?-,&J =<A-Q>@6;>Q



Approach

Operating Variables Explored:
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Base Case

Base case conditions:

W Typical gasifier operating conditions
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Base Case

Mole fractions (for entire mixture)
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Base Case

Gas-phase mole fractions
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Base Case

Fraction of C as CH4, CO, CO2, and C(S)
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Carbon Deposition Temperature Values

Variation in Tdep (and atomic C/O ratio) with H2O/C and % char 

[P = 4 atm]

Tdep(K)
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Carbon Deposition Temperature Values

Correlation between Tdep and atomic C/O ratio
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Varying Pressure

Pressure variation results
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Varying Pressure

Solid carbon formation
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Varying Pressure

Gas-phase mole fractions
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Varying Pressure

Fraction of C atoms as CH4, CO, CO2, C(S)
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Varying H2O/C ratio

H2O/C ratio variation results
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Varying H2O/C ratio

Solid carbon formation
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Varying H2O/C ratio

Gas-phase mole fractions
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Varying H2O/C ratio

Fraction of C atoms as CH4, CO, CO2, C(S)
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Varying % Char

% Char variation results
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Varying % Char

Solid carbon formation
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Varying % Char

Gas-phase mole fractions

I9L

I9m

ti
o

n

,"K-3-Ll-D5:;

,"K-3-ZLl-D5:;

,"K-3-JLl-D5:;

,& Ll D5:;

I9U

I9K

e
 m

o
le

 f
ra

c
t ,&-3-Ll-D5:;

,&-3-ZLl-D5:;

,&-3-JLl-D5:;

,&J-3-Ll-D5:;

I9Z

I9J

G
a
s
-p

h
a
s
e

,&J-3-ZLl-D5:;

,&J-3-JLl-D5:;

"J-3-Ll-D5:;

"J 3 ZLl D5:;

I

mII aII ZIII ZJII ZKII

Temperature (K)

"J- -ZLl-D5:;

"J-3-JLl-D5:;

"J&-3-Ll-D5:;

"J&-3-ZLl-D5:;

"J& JLl 5

23

Temperature (K)
"J&-3-JLl-D5:;

"J&P,-Y-Z9I?-K-:AN



Varying % Char

Fraction of C atoms as CH4, CO, CO2, C(S)
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Varying % Char
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% Char variation results (continued)
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Varying % Char

Char + C(S) trends
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Varying % Char

Fraction of total wood C atoms (yield) as CH4, CO, CO2, C(S) 
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Summary / Conclusions

Summary
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Summary / Conclusions

Summary (continued)
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Summary / Conclusions

Conclusions
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