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Abstract: Oxy-fuel combustion technology, an effective greenhouse gas emission control technology, is an energy
conservation and emission reduction technology with potential application. In this work the effects of flue gas
components (SOx, NOy, H>O, Clo/HCI etc.) on the formation of SOs; and Hg under oxy-fuel combustion condition, and
the effects of fly ash on the adsorption and removal of SOs and Hg enrichment in flue gas were systematically
summarized and analysed. The feasible technical suggestions for synergistic control of SO3; and Hg under oxy-fuel
combustion were put forward, which provides an important reference for the synergistic control of pollutants in the
industrial application of oxy-fuel combustion. At the same time, the emission characteristics of SO3; and Hg under the
current oxy-fuel combustion and the existing problems in the research direction of optimization control were analysed,
and some suggestions for the future research direction were put forward.

Key learning points:

(1) The SO3 and Hg concentrations in flue gas increased significantly under oxy-fuel combustion. Flue gas components
(SO, NO,, H>0, CI/HCI) and fly ash had important effects on SOz and Hg emissions.

(2) From the aspects of optimization of denitrification, dedusting and desulfurization process, feasible technical
suggestions for synergetic control of pollutants under oxy-fuel combustion were put forward, which can provide
important reference for the synergetic control of pollutants faced by industrial applications.

(3) The future research directions of SO3 and Hg emission and optimization control under oxy-fuel combustion were
pointed out, such as the emission law under the coupling action of multiple factors in actual working conditions,
the synergetic control law of pollutants in flue gas, the migration law of key pollutants and the optimization of
synergetic control process route.
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Table 1 SOs emission characteristics in oxy-fuel and air combustion
. . Homogeneous/ Combustion . . SO; concentration/
Experimental device Temperature/K Major flue gas composition S03/S02/% Ref.
Heterogeneous mode (mg/m®)
Bubbling fluidized bed Heterogeneous 1123 Air" 0.4%S02+4%0,+6%H>0+ 0.32 46.41 [17]
15%CO>+bal® N,
Oxy? 0.4%80,+5% O02+11%H.0O+bal CO. 2.12 303. 45
Numerical simulation Homogeneous 1923 Air 0.23%N0+0.4%S02+2.59%02+ 1.11 157.08 [16]
3.76%H,0+16.2%CO;+bal N2
Oxy 0.06%N0+0.4%S0,+3.74%0,+ 1.57 22491
17.40%H,0+74.8%COx+bal N
20 kWi electrically heated Heterogeneous 1623 Air 0.0004%HC1+0.0199%S0,+3.0%02+ 1.01 7.17 [5]
once-through combustion rig 6.4%H>0+COx/bal N»
Oxy 0.0004%HCI+0.1464%S0,+3.2%02+ 2.46 128.57
23.5%H,0+C02(>95%ary)+bal N>
50 kW, circulating fluidized bed Heterogeneous 1154 Air 0.024%S0,16.4%0,+7.1%H20+COx/bal N» 0.71 6.08 [18]
1164 Oxy 0.062%S0:+7.0%0,+17.4%H20+COz/bal N2 1.27 28.11

Note: 1) Air combustion; 2) Oxy-fuel combustion; 3) Balance.
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Table 2 Mercury emission characteristics in oxy-fuel and air combustion

. . Homogeneous/ Combustion . . Hg"“ concentration .
Experimental device Temperature/K Major flue gas composition Hg?'/Hg""/% Ref.
Heterogeneous mode /(ug/m®)
50 kWi circulating fluidized Heterogeneous 1154 Air" - 10 44 [11]
1164 Oxy? - 16 4.8
20 kWi electrically heated Heterogeneous 1623 Air 0.0004%HC1+0.0199%S0,+ 19 11.5 [4]
once-through combustion rig 3.0%0,+6.4%H,0+CO2/bal N>
Oxy 0.0004%HC1+0.0028505+0.1228%S0x+ 37 21.2
3.0%02+23.5%H>0+CO(>95%a)+bal N>
1.5 MWy, coal-fired boiler Heterogeneous - Air 0.004%HCI1+0.1%S02+3.5%0:+ 37 415 [23]
14%H:0 +13.5%CO>+bal N,
Oxy 0.016%HC1+0.4%S02+6.0%0:+ 47 1233
40%H>0+85%COx+bal N2
6 kW, fluidized bed Heterogeneous 1123 Air - 37 4.0 [8]
Oxy - 50 2.3
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Table 3 SOs emission characteristics of conventional power plants with different ultra-low emission technologies

No. Scale Technology Removal rate/% SOj; emission concentration/(mg/m?) Reference
1 660 MW LNB+SCR+LLT-ESP+WFGD+WESP 94 1.07 [62]
2 600 MW LNB+SCR+ESP+WFGD+WESP 75 8.22 [62]
3 340 MW SCR+ESP+WFGD (cooperative dust removal) 67 11.21 [63]

Note: LNB. low nitrogen combustion technology; SCR. Selective catalytic reduction; LLT-ESP. Low temperature electrostatic precipitator; WESP. Wet electrostatic

precipitator; WFGD. Wet flue gas desulfurization.
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Table 4 Mercury emission characteristics of conventional power plants with different ultra-low emission technologies

Removal rate Hg emission

No. Scale Technology of He/% concentration/(ug/m?) Reference
1 1000 MW LNB+SCR+GGH+LLT-ESP+WFGD+WESP 98 0.12 [64]
2 300 MW SCR+LLT-ESP+WFGD 90 0.51 [65]
3 660 MW LNB+SCR+LLT-ESP+WFGD (cooperative dust removal) 78 0.95 [66]
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Table 5 SOs;and Hg removal efficiencies of typical air pollution control technologies

Component Denitrification using SCR Dedusting rate/% Desulphurization rate by WFGD/%
LLT-ESP WESP
Hg® 20%~56% Hg’ oxidation 47~92 32~40 -30~-257
Hg Hg?* - 63~84 72~82 80~95
HgP - 93~99 33~98 —27~95
SO3 0.5%~1.5% SO, to SO; 70~99 55~88 60~90
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