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Research progress on the effects of CO, and H,O gasification reactions

on coal pyrolysis and char combustion in oxygen-rich atmosphere
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Abstract ;: Oxy—combustion technology, as a promising CO, reduction method for coal—fired power plants, holds significant importance for
achieving sustainable energy goals. Due to the physical properties and gasification reactions of CO, and H,0, the coal conversion process
in an oxy—fuel atmosphere may differ significantly from that in an air atmosphere. Through a review of existing literature, it is found that
CO, impacted the release rate of volatiles and the physical structure and chemical properties of char during coal pyrolysis process. Howev-
er, few researchers have focused on the role of the physical properties of the mixed gas of CO, and H,0. During the combustion of coal
or char, the high specific heat of CO, and its low oxygen diffusion rate have a noticeable inhibitory effect on the burning process. However,
possibly due to differences in H,O concentration, there is still debate over the mechanism by which the properties of mixed gases affected
the combustion process, especially under pressurized conditions. Regarding gasification reactions, current studies indicate that single

CO, gasification and CO,/H,0 co-gasification increase the yield of volatiles during coal pyrolysis, but reduce the yield of char, and
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the gasification effect is enhanced at elevated pressure. Furthermore, the reactivity of char increase due to the large surface area from gasi-

fication, and its surface functional groups may also change. It is widely accepted that during the combustion of coal or char, CO, gasifica-

tion can promote carbon consumption at high temperatures and low oxygen concentrations, and the addition of H,O further accelerate this

process. With rising environmental pressure, the proportion of carbon consumption attributed to CO, gasification gradually increase, but

there is currently limited research on the effects of CO,/H,0 co-gasification under pressurized conditions. The pyrolysis and combustion

behaviors of coal under CO, and H,O gasification in the oxy—fuel atmosphere were summarized which provided some theoretical reference

for the future development of oxy—combustion technology.
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Table 1 Gas physical parameters at 1 273 K, 0.1 MPa and 1.0 MPa

4 JE S/ wE/ A RFR LA/ SEH E= R NG N E T

MPa (kg -m™) (K- (m*-K)™")  (W-(m-K)™) ZH/(10%em?® - s71)
N, 0.1 0.264 7 0.321 61 0.099 63 2.425 67
1.0 2.646 1 3.215 51 0.099 86 0.243 32
H,0 0.1 0.170 2 0.421 70 0.185 82 3.172 05
1.0 1.702 1 4.218 64 0.187 04 0.318 24
€O, 0.1 0.415 8 0.538 85 0.099 14 1.543 63
1.0 4.157 1 5.387 74 0.099 45 0.155 07
21% 0,/79% N, 0.1 0.272 6 0.325 33 0.100 48 2.665 08
1.0 27252 3.252 74 0.100 71 0.267 11
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Table 2 Content of nitrogen—containing functional groups in gasification carbon under different pressures in CO, atmosphere

JE 11/ MPa TREE/K WE /% ALY & % WEW 5 1/ % WA /%

0.1 1073 10.58 14.33 7.24 5.37

0.1 1273 6.46 7.96 7.93 3.04

0.1 1473 2.63 4.95 10.11 2.62

0.6 1073 17.48 14.43 11.66 6.75

0.6 1273 8.33 12.07 20.97 6.32

0.6 1473 5.62 8.48 22.30 5.70
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Fig.3 Effect of pressure on char yield under different

atmospheres during coal pyrolysis
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