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Thermodynamics and Assessment of Simultaneous Removal of
SO,, NO, and CO, from Combustion Flue Gas by
Oxidation-Absorption Method
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(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The simultaneous removal of gaseous pollutants from combustion flue gas by wet chemical
methods is one of the most important ways for the air pollution control from combustion sources. To
examine the feasibility of the simultaneous removal of SO,, NO, and CO, by using varied oxidization-
absorption methods, the performances of nine kinds of combined oxidization-absorption strategies were
analyzed based on the principle of chemical thermodynamics, including H,O,-NH;-H,0, H,O,-MDEA,
H,0,-NaOH, O;-NH;-H,0, O;-MDEA, 03;-NaOH, NaClO,-NH;-H,0, NaClO,-MDEA and NaClO,-
NaOH. Furthermore, a new dynamic-weighted method was proposed to comprehensively assess their
performances. The results show that all the strategies have the removal feasibility: O3-NaOH, NaClO,-
MDEA and NaOH perform best for the separate removal of SO,, NO, and CO, respectively. NaClO,-
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MDEA is superior to other strategies when considering capturing SO,, NO, and CO, simultaneously.

The results may provide a reference to the combined removal of gaseous gas pollutants from combustion

flue gas.

Keywords: SO,; NO,; COy;

comprehensive assessment
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Tab.l Chemical formula when using NH; - H,O as an
absorbent

AL Ik
H,0,  SOy+H,0,+2 NH; » H,0—(NH,),SO+2H,0
2NO+3H,0,+2 NH; + H,0—2NH,NO,+4H,0

CO,+NH; + H,0—»NH,HCO,
0; 3S0,+05+6 NH; + H,0—3(NH,),80,+3H,0
2NO+305+2 NH; + H,0—2NH,NO;+H,0+30,
CO,+NH; + H,0—»NH,HCO,
NaClO,  2S0,+NaClO,+4 NH; + H,0—2(NH,),S0,+NaCl+2H,0
4NO+3NaClO,+4 NH; + H,0—4NH,NO;+3NaCl+2H,0

CO,+NH; + H,0—»NH,HCO,
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Tab.2 Chemical formula when using MDEA as an absorbent Tab.3 Chemical formula when using NaOH as an absorbent
ezl iRl Ak Jrast
H,0,  SO:H,0/*2MDEA—2MDEAH +S03" H,0,  SO,+H,0,+2NaOH—N2,SO,+2H,0
INO+3H,0,+2MDEA—2MDEAH +2NO3+2H,0 INO+3H,0,+2NaOH—2NaNO 3 +4H,0
CO,+MDEA+H,0—~MDEAH +HCO; CO,+NaOH—NaHCO,

0, SO,+0;+2MDEA+H,0—2MDEAH +S027+0, 0, 380,+0;+6NaOH—3Na,SO,+3H,0
2NO+305+2MDEA+H,0—2MDEAH +2N0O2+30, 2NO+305+2NaOH—2NaNO;+30,+H,0
CO,+MDEA+H,0—~MDEAH +HCO; CO,*NaOH—NaHCO;

NaClo,  250:+NaClO,+4MDEA+2H,0—4MDEAH +2507+NaCl NaClO,  250,+NaClO,+4NaOH—>2Na,SO,+NaCH2H,0
4NO+3N3.C102+4MDEA+2H20—>4MDEAH+4NOg+3NaC1 4NO+3NaClO,+4NaOH—4NaNO;+NaCl+2H,0
CO,+*MDEA+H,0—~MDEAH +HCO; CO,+NaOH—>NaHCO,
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Tab.4 Standard thermodynamic parameters of various substances for simultaneously removing SO,, NO, and CO,

i) AH, /(KT - mol ) AG, /(KT » mol ) AS (KT + (mol" - K )) AC /(KT + (mol ' - K))
SO,(g) -296.90 -300.37 0.248 5 0.039 79
NO(g) 90.37 86.69 0.2106 0.029 86
COx(g) -393.51 —394.38 02136 0.037 13
NH; - H,0 (aq) —-362.75 -236.81 0.102 5 —0.068 66
MDEA (aq) —380.00 ~169.00 03143 0.385 00
NaOH(aq) —425.61 -379.79 0.064 5 0.059 45
H,0,(aq) -189.12 -118.11 0.1023 0.082 30
04(g) 142.30 163.43 0.238 8 0.038 20
NaClO,(aq) -306.70 —244.80 0.160 3 0.111 30

7 AH /(KT - mol ) AG /(KT » mol ) AS /(KT - (mol ' - K™)) AC /(KT + (mol ' - K ))
(NH,),SO4(aq) -1175.07 -903.97 0.247 00 -0.133 10
H,0(l) -285.84 —237.19 0.069 94 0.075 29
MDEA '(aq) -514.22 —259.89 0.247 00 0.299 00
S0,”(aq) —909.88 —745.13 0.020 10 —0.293 10
NaCl(aq) —407.27 -393.17 0.111 50 —0.090 00
NH,NO;(aq) —340.09 -190.83 0.260 00 —0.006 70
NO;(aq) —207.50 -111.41 0.146 50 —0.086 67
O,(g) 0.00 0.00 0.205 00 0.029 36
NaHCO;(aq) -950.81 —981.13 0.101 70 0.087 61
NH,HCO5(aq) —849.35 —885.40 0.120 90 0.125 50
HCO;5 (aq) —-692.30 —587.11 91.252 00 —0.029 26
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Fig.1 Effect of temperature on the enthalpy change
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Fig.3 Equilibrium constant of the reaction at different temperatures
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NH;-H,0 ~53 083 —32 544 -30 575
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NaOH —53 086 —32 545 =51 642
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Fig.4 Flow chart of the dynamic-weighted comprehensive

evaluation method
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Fig.5 Feasibility assessment of simultaneous desulfurization,
denitrification and decarbonization based on the
dynamic-weighted method
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