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Experimental study on low-temperature oxidation and adsorption of pollutants
in coal-fired flue gas

MAO Yisheng, YE Huafeng

(Guangdong Electric Power Development Co., Ltd., Guangzhou 510000, China)

Abstract: [Objective] The low-temperature (-20~ —40 “C) oxidation adsorption of multiple pollutants from coal-
fired flue gas onto activated carbons enables their integrated removal, which has promising application prospect and
environmental benefits. [Methods] This article studied the adsorption processes of NO and SO, by four activated
carbons (graded-pore activated carbon, coal-based activated carbon, and two coconut shell-based activated carbons)
in inert atmosphere and simulated flue gas under low temperature conditions of —20 °C. [Results] The experimental
results showed that in an inert atmosphere, the adsorption performance of the four activated carbons for NO was
weak, with a saturated nitrogen capacity of less than 0.07 mg/g, and the saturated sulfur capacity for adsorbing SO-
was 31.70~57.07 mg/g. In simulated flue gas conditions, the presence of O increased the saturated nitrogen capacity
of activated carbons by three orders of magnitude and the saturated sulfur capacity by 2~5 times. The optimal
coconut shell activated carbon-2 had a saturated nitrogen capacity of 175.70 mg/g and a saturated sulfur capacity of
320.65 mg/g. Density functional theory (DFT) calculations show that the adsorption binding energies of NO, SO,
and their oxides on the zigzag edge carbon model follow the order of NO>> SO3> SO»> NO. After NO and SO, are
oxidized by O into NO, and SOs, their adsorption on activated carbon surfaces is significantly enhanced.
[Conclusion] The research results can provide an important theoretical basis for the integrated adsorption and
removal of NO and SO; in coal-fired flue gas under low temperature conditions.

Key words: activated carbon; low-temperature adsorption; saturated nitrogen capacity; saturated sulfur capacity;
density functional theory
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Tab.1 Experimental instruments and equipment
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TR MR 2 L H A R XS105
R T FIRBHA R A ] GZX-9070 MBE
LR TR B AL X LA B TR A R BSD-660M
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Tab.2 Surface composition of the samples based on XPS test results
B LR TRERESE
. c 0 N oIc c-o c=0 —COOH
I3 RALTE PR 84.21 14.05 1.74 16.68 7.07 3.62 3.36
PEIETE IR 85.51 1259 1.90 14.72 0.79 4.80 7.00
BB e I k-1 76.54 22.20 1.26 29.00 3.91 7.49 10.80
BB SEa 1 k-2 87.72 10.68 1.60 12.18 3.32 5.12 2.24
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Fig.3 N2 adsorption-desorption isotherms and pore size distributions of the four activated carbons
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Tab.3 Porosity and surface parameters of the samples

B R mR(M2gY)  BAFLELRERY (M2 g) LAY (M2 gt FLAE(em® gt RELILA/(em® ) SFEIHLE/Am
Iy LI PR 362.67 302.58 60.08 0.19 0.12 212
SR 1 IR 467.86 328.85 131.55 0.35 0.14 3.30
M FevE R -1 856.61 787.26 69.34 0.39 0.32 1.84
M FevE PR -2 1002.54 978.6 23.93 0.41 0.39 1.63
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Tab.4 Low-temperature adsorption nitrogen capacity of four activated carbons in an inert atmosphere

e ELR RV (m?g ) WALER TR (m?>g™) YA 1)/ min AL (mg-g ™)
I ALIE R 362.67 302.58 ~0
PRI R 467.86 328.85 ~0
BB Feg PR -1 856.61 787.26 1.45 0.02
RS PR -2 1002.54 978.60 5.35 0.07
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Fig.5 NO removal rates of coconut shell activated carbons
under simulated flue gas conditions
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Tab.5 Low-temperature adsorption nitrogen capacities of four activated carbons under simulated flue gas conditions

P %3N [/min FIERE (mgg? H A E/min MAE A (mg-g L)
S RALIE AR 38 15.58 50 23.27
PRIV R 56 23.07 73 33.91
BB FeE PR -1 78 31.74 118 50.05
MRFEE T R -2 284 154.12 358 175.70
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Fig.6 SOz removal rates of four types of activated carbons
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Tab.6 Low-temperature sulfur adsorption capacities of four types of activated carbons in inert atmosphere

FES bREAI(M>gY) RELLEREAR(m>gY) @ E/ming FEHA (mgg?)  WAEE/mMIn . HWAIGEZE/ (mgg?)
S RALIETER 362.67 302.58 9 31.70
PEIETE R 467.86 328.85 9.74 1 33,57
MRFEiE T R-1 856.61 787.26 13.06 12 34.12
RFEETE R -2 1002.54 978.60 18.43 15 57.07
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Fig.7 SOz removal rates of four types of activated carbons
under simulated flue gas conditions
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Tab.7 Low-temperature sulfur adsorption capacities of four types of activated carbons under simulated flue gas conditions

FE b FLR HEIRY(m?g ) ZE I E)/min BRI (mg-g ) T AN ) /min AR 25/ (mg-g ™)
I3 RALTE PR 362.67 8 36.35 22 71.62
PRI MR 467.86 14 65.56 25 89.05
BB FevE PR -1 856.61 13 60.32 28 97.71
A 1002.54 43 204.30 83 320.65
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SOz, and SOs on the Zig model
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F 177 A, C-OBAWAK; MELT NO, NO, WK
Bt i A ) C—O B FE KR (Bl 1.36 A B&
F 1.34 A, T C-N SR FE/NMFRAIG Gl 1.32 A
WE 1.33 A, BRI, HARET
NO 5 SO, MG LT3 B A AL . 145 SR
B TS IRTHE MR NO 1 SO, fig /1 I W AE TR
K, B NO Al SO, 5% AF I I A Ak, T PEIR
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D) EWEMERAN, 4 FPiE R AT NO FIMI IR
B RE IS5, B 1 e S L R R 58 5 1 2k -2,
HAEAEHE R 007 mglgs ERHURSEMG T, O,
PAFTEAEARE R BRI m T 3 MES, Hi
BRFeiE e R -2 MRS A oK, 188 T 175.70 mg/g,
X5 HF ML WAE K.

2) TEWEWAAT, MseiEtER-2 X SO, HfK
TR PERe B £, MIRIBR 2 W]k 57.07 mglgs T7E
BRI, 4 PR BB A e m T 2~
5 1%, MERemMIEECIEER-2, WA A Al ik
320.65 mg/g.

3) DFT iIHE&HEE, Fik LI G R AR A%
NO. NO2. SOz. SOs I Bt 25 & BEE G LA T -
NO2>S035>S0,>NO. XK, 7E &, NO il
SO, 73 A AN NO2 Fll SO3 Ji»  REMS I 2 1 5 4L
TE 75 11 2R 2 T )P B RE T, JE 32 NO MG IR R Bt
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