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Reaction Characteristic of Woody Biomass with CO, and H,O

Ichiro NARUSE, Yasuaki UEk1, Tsutomu ISAYAMA, Takanori SHINBA, Joseph H. KIHEDU and Ryo YOSHIIE

Synopsis : Objective in this study is to elucidate the fundamental gasification characteristics for carbonaceous resources. Effects of temperature and

gaseous agents on the gasification characteristics of carbonaceous materials were experimentally and theoretically studied by the gasification

of woody sawdust, using an electrically heated drop tube furnace. Results of the co-gasification of CO, with H,0O were compared by the gasi-

fication by a single gaseous agent such as CO, or H,0. As a result, H, and CO concentrations increased with an increase of temperature. CO

concentration under the co-gasification condition produced more than that under the single gasification condition. The H, formation showed

the opposite tendency to the CO formation during the co-gasification. This synergy effect was also elucidated theoretically by the simulation

of reaction kinetics. The simulated temperature indicating the maximum synergy effect on CO formation agreed well with that obtained by

the experiments.
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Table 1. Properties of Sugi cypress sawdust [mass%].

Proximate analysis Ultimate analysis
Dry base daf
Moisture | VM FC | Ash C H N S o
3.80 86.09 [ 11.79| 2.13 [47.56| 5.66 | 0.27 — | 46.51

d.a.f: dry ash free, O : balance

Primary gas oz Mass flow controller

Water in — Biomass feeder

Vapor

generator «— Waterin
—* Water out

Yy B

Secondary gas

Injector

J— Sampling probe
-> Water out Micro GC

5o

Fig. 1. Schematics of electrically heated drop tube furnace.
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Table 2. Experimental conditions for sawdust gasification
with CO, and/or H,0.

Sample Sugi sawdust

1273, 1373, 1473, 1573

Temperature [K]

Atmosphere N, +CO, | Ny+H,0 (ggzcl-?z 2(;:‘12?)

Gasification agent / C in sample [mole ratio] 1.2

Sample feed rate [g/min] 1.0

Primary gas flow rate : N, [l/min] 0.441
Secondary gas flow rate 1.002 0.806 0.501 [ly/min]
(Gasification agent) [I/min] | [g/min] | + 0.403 [g/min]

Sampling distance [mm] 1300

Analyzing species CO,, CO, H,, CH,, C;H,, CoH,, N,

Dilution gas Ar

CO gas H, gas

[ ] coO,-gasification
Il H,O-gasification
I N,-pyrolysis i
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H
o
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Gas concentration [vol%)]

1273 1373 1473 1573 1273 1373 1473 1573
Temperature [K]

Fig. 2. CO and H, concentrations in product gas under dif-
ferent gasification conditions.
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CO+H,/N,[]
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1373 1473
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1573

Fig. 3. Syngas concentration in the gasified gas under CO,
and H,0O gasification conditions.
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Fig. 4. Effects of co-gasification on CO and H, production

in the gasified gas.
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Fig. 5. Synergy effect of co-gasification.
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Table 3. Kinetic parameters of gas—solid elementary reac-

tions.”
A A E
Reactions emimols) | " | kaimol
1]c+co,— C(0) + CO| 8.211x10™2 | 0.000 | 239.306
2|C +H,0 » C(O)+ 2H| 6.778x108 | 0.000 | 159.538
3 C(0) — CO 2.127x10% | 0.000 | 669.542

Table 4. Initial mole fraction of simulation.

Sample Species Mole fraction [-]
Sugi sawdust
(FC) C 0.043
CcO 0.212
s g H, 0.043
ugi sawdust
VM) CH, 0.085
C,H, 0.006
C,H, 0.001
Primary gas
(Carrier gas) N, 0.186
Gasification agent | CO, and/or H,0 0.424

Gas /N, [-]

- -
.-

Time [sec]

Fig. 6. Simulation result of gas generation behavior under
the CO, gasification at 1453K.
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Fig. 7. Simulation result of gas generation behavior under
the H,O gasification at 1453K.
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Fig. 8. Simulation results of syngas production in the gasi-
fied gas under the CO, and H,O gasification condi-
tions.
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Fig. 10. Reaction paths in case of CO, gasification at
1453K.
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Fig. 11. Reaction paths in case of H,O gasification at
1453K.



Fig. 12. Reaction paths in case of co-gasification at
1453K.
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