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Mechanism of N,O reduction by biomass gasification gas reburning

LI Ying, NIU Sheng—li* , WANG Yong-zheng, HAN Kui-hua, ZHOU Wen-bo, WANG Jun
(School of Energy and Power Engineering, Shandong University, Jinan 250061, China)

Abstract: A molecular modeling based on the density functional theory (DFT) and the transition state theory (TST)
was performed to investigate the influence of biomass gas CO on the N,O decomposition catalyzed by CaO during
reburning in the circulating fluidized bed boiler. The model for N,O adsorption onto the CaO(100) surfaces were
constructed; and the processes of the N,O decomposition on the CaO(100) surface and the surface recovery of
Ca0O(100) were investigated. The results illustrate that the energy barrier of N,O decomposition on the CaO(100)
surface is much lower than that in homogeneous case, and CaO is therefore able to catalyze the N,O decomposition.
The atomic O from N,O decomposition can poison the active sites O atom on the CaO(100) surface, while biomass
gas CO can promote the regeneration of the active sites on the surface of CaO(100), which is beneficial for CaO to
catalyze the N,O removal.
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FLTE 7 RS (density functional theory, DFT)
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2, ¥R5% T CFB $i b A= 9 i <R o F2 X%F CaO
AL NLO BRI 52 . AR SCHT A5 4518 RE RS b 48 il
CFB #5250k e it 72 b NLO B HE 42 i) 12 43k 2
W T

1 AT AT A

AHFFEA HAIFFH Dmol’ AL, KH A e
AERRIT LA (Generalized Gradient Approximation )
#i5 Perdew-Burke-Ernzerhof 72 PRI 1 :(GGA-PBE),
THRORS AR AT RO L VA L AR, =i
JURT ZE R AR AL B % o Medium (energy: 2 x 10 Ha;

Max force: 0.04 Ha/nm; Max displacement: 5 x 10 ' nm;
1 Ha =2625.5 kJ/mol), A %4 (SCF) i & B £ i 84
PR~ 1.0 x 10° Ha, 1E 17 J¥ &5 38 2 (transition state,
TS) B} 1% & A Coarse(RMS convergence: 0.2 Ha/nm) .
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(No.225) #5 [ g fif o R LIRS 815 2 1Y
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1y Fe ik = an = (3) frs .
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A/ U A e 22

2 ZR5e
2.1 N,O ¥ &

N,O 7E K #) 600 °C LA I A 2 &A= (4) frr
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N,O # fiff 1 F 9 B R 9 (R) L 3 A (TST)
K=y (P) WA A 5 A G Pl 1 B 7, A 1 I o7 3
REm N 2 frR . Horh, NLO ) N—O, B Z W
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Figure 1  Structures of stagnation points of N,O homogeneous

decomposition (Bond length: nm)
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Figure 2 Reaction potential energy surface of N,O
homogeneous decomposition
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Figure 3  Stable adsorption structures of N,O on the CaO(100) surfaces (Bond length: nm; blue: N atom; red: O atom; green: Ca atom)
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Figure 5 Optimal adsorption structure of N,O on the CaO(100)
surface (Bond length: nm)
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Figure 6 Structures of stagnation points of N,O decomposition on the CaO(100) surface (Bond length: nm)
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Figure 8 Structures of stagnation points of the recovery process on the CaO(100) surfaces with N,O (Bond length: nm)
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Figure 9 Reaction potential energy surface of the recovery
process on the CaO(100) surfaces with N,O
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Figure 10  Stable adsorption structures of CO on the CaO(100) surfaces (gray: C atom; red: O atom; green: Ca atom)
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Figure 11  Structures of stagnation points of the recovery process on the CaO(100) surface with CO (Bond length: nm)
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Figure 12 Reaction potential energy surface of the recovery
process on the CaO(100) surface with CO

3 45
A1 T NLO 114 34 40 43 %, N,O #£ CaO( 100)

FTH 53 i i B e 2 TG, BD CaO WIAATEA FI T
N,O HI BB

Rifi & N,O £ CaO(100) = [fif i) 73, CaO(100)
FT O T M A5 1 2 W 4 W BT 1) - O Ak, AN A
F 5 82 N,O 150 i .

AP RS R R CO MAEAEIERE T CaO(100)
23 T R B Y S F O 1Y K BR Al CaO( 100) 2 TH] Y if
J5, 5 F T CaO X NLO 43 fiff B AL AE H

ARG ER AL A 50 b NLO HETCR: K B CaO &
MR, 45 A A BB R, 0 G ER
AL R BB NLO HE L Y BB ik 4%

B

AL SR AT ST 2 T 1L A K2 1 v T g
H B AW SRR .



1442 T/ 5 N (R S i o949 %

SE 0k

[1] JIJ, CHENG L, WEI Y, WANG J, GAO X, FANG M, WANG Q. Predictions of NO,/N,O emissions from an ultra-supercritical CFB boiler using a
2-D comprehensive CFD combustion model [J]. Particuology, 2020, 49: 77-87.

[2] ULUSOY B, LIN W, KARLSTR6M O, LI S, SONG W, GLARBORG P, DAM-JOHANSEN K, WU H. Formation of NO and N,O during raw and
demineralized biomass char combustion[J]. Energy Fuels, 2019, 33(6): 5304—5315.
(3] T, kB, BRE, brifs, skl FAAMRGE T NOA: LB S HER A [T]. IR AR ER), 2020, 60(6): 507-517.
(MIAO Miao, ZHANG Man, LV Jun-fu, YANG Hai-rui, ZHANG Kai. N,O formation mechanism and control in circulating fluidized beds[J]. J
Tsinghua Univ: Nat Sci Ed, 2020, 60(6): 507-517. )

[4] RAVISHANKARA A R, DANIEL J S, PORTMANN R W. Nitrous oxide (N,O): the dominant ozone-depleting substance emitted in the 21st
century [J]. Science, 2009, 326(5949): 123.

(5] JAL, dkakrh, B3, XU, 4Tk, BFIFHXNOOUTHIRN AN,O . COAMAIFZITHE [1]. AL T4, 2014, 65(6): 2232-2240.

(ZHOU Hao, ZHANG Zhi-zhong, BAO Qiang, LIU Jian-cheng, CEN Ke-fa. Influence of additives on NO,OUT denitration and formation of N,O
and CO[J]. CIESC J, 2014, 65(6): 2232-2240. )

(6] HRILHE, THh, y5F, EZME, M, 975 W1, HaR o, 25 W 00 s SRR L s 1 3 ) DX 38 5 78 BB ORE 2 (0] R 272441, 2014, 42(5):

552-559.
(HAO Jiang-tao, YU Wei, LU Ping, WANG Qin-chao, HE Nan, ZHU Xiu-ming, XU Sen-rong. Influence factors and element release properties
during NO reduction through biomass advanced reburning [J]. J Fuel Chem Technol, 2014, 42(5): 552-559. )

(7] BN, BZET, i2# R, Rt CEBERFASETINOM A UL i HERR 1] 0] $R4 i, 2003, (1): 7-9.

(YIN Li-bao, YAN Wei-ping, YE Xue-min, Wang Zhuo. Formation mechanism of N,O in CFB boiler and some measures of decomposing N,O[J].
Boiler Manuf, 2003, (1): 7-9. )

(8] R, . 3l IR AP B A (0] B IR 53R, 2015, 31(3): 15-17.

(ZHU Chong, QIU Yun-xia. Denitrification technology for circulating fluidized bed boiler[J]. Electr Power Environ Prot, 2015, 31(3): 15-17. )

(9] Z=z, BUERRE, W1 AR 4B PRI AR P NO R BIF ST BB (0] sl R GE TR, 2020, 36(5): 7-12.

(LI Zhi, ZHU Pei-wang, HU Min. Review of biomass re-burning study and application in China[J]. Power Syst Eng, 2020, 36(5): 7-12. )

(101 #pET, JAudtR,, BRI, fE2848. A MBS S MR SR DS FEIRIE N O AR IR I 7T (). 30 TRE244), 2020, 40(10): 781-785, 814.
(YANG Zhang-ning, LU Xiao-feng, NI Gang, RAN Shen-ming. Hot-state experiments on coupled reburning of biomass gas and pulverized coal
for NO reduction[J]. J Chin Soc Power Eng, 2020, 40(10): 781-785, 814. )

(111 =0, TKPE, 02 R, Xk, Al A= B St T AU VR (1], FRE AR 4R, 2017, 7(1): 107-113.

(LI Hai-ying, ZHANG Zeg, JI Ai-min, ZHAO Rong-xuan, YANG Peng. Behavior of slagging and corrosion of biomass ash[J]. J Environ Eng
Technol, 2017, 7(1): 107-113. )

(12] ¥, TR AW TR S0 P RO BT FTHE I [T]. AL T3k, 2020, 39(4): 1292-1301.

(WANG Yang, DONG Chang-qing. Release of K during biomass combustion and pyrolysis: a review[J]. Chem Ind Eng Prog, 2020, 39(4):
1292-1301. )

[13]  fEdEmR, 25457, ki, BRE, ECR. A A BGOSR AR N ORI B A [1]. il R 58 T2, 2005, 21(3): 1-3.

(HOU Xiang-song, LI Jin-ping, ZHANG hai, LU Jun-fu, YUE Guang-xi. Limestone effects on N,O emission in CFB combustors [J]. Power Syst
Eng, 2005, 21(3): 1-3.)

(141 JAE A, BigkAR, FBE. MEERAL PRI A SRS A B AE DL D] . TR IR, 2000, 21(5): 647-651.

(ZHOU Hao-sheng, LU Ji-dong, ZHOU Hu. Nitrogen conberdion in fluidized bed combustion of coal with limestone addition[J]. J Eng
Thermophys, 2000, 21(5): 647-651. )

(151 SASE. A= W R BRI A PRI SR NLO B AL SY (D] Jbat: Aty i K2k xd), 2011.

(HU Xiao-ying. Mechanism study on biomass derived gas reburning for N,O reduction in a fluidized bed combustor[D]. Beijing: North China
Electric Power University, 2011.)

[16] WUL, QIN W, HU X, DONG C, YANG Y. Mechanism study on the influence of in situ SO, removal on N,O emission in CFB boiler[J]. Appl
Surf Sci, 2015, 333: 194-200.

[17] KANTOROVICH L N, GILLAN M J. The energetics of N,O dissociation on CaO(001)[J]. Surf Sci, 1997, 376(1): 169-176.

[18] PISKORZ W, ZASADA F, STELMACHOWSKI P, KOTARBA A, SOJKA Z. DFT modeling of reaction mechanism and ab initio microkinetics
of catalytic N,O decomposition over alkaline earth oxides: from molecular orbital picture account to simulation of transient and stationary rate
profiles[J]. J Phys Chem C, 2013, 117(36): 18488—18501.

[19] HUX,WUL,JUS, DONG C, YANG Y, QIN W. Mechanistic study of catalysis on the decomposition of N;O[J]. Environ Eng Sci, 2014, 31(6):
308-316.

[20] SNIS A, MIETTINEN H. Catalytic decomposition of N,O on CaO and MgO: Experiments and ab initio calculations[J]. J Phys Chem B, 1998,
102(14): 2555-2561.

[21] 545 BREHEARERLALR B AR BE S 1 rh % 4 AN EE R LA 5T (D). Jbe: Adbrb i R ), 2017.
(WU Ling-nan. Study on the conversion mechanism of volatile nitrogen during fuel combstion in circulating fuidized bed boilers[D]. Beijing:
North China Electric Power University, 2017.)

[22] BROQVIST P, GRONBECK H, PANAS I. Surface properties of alkaline earth metal oxides[J]. Surf Sci, 2004, 554(2): 262—271.

(23] Joae, 4-REA, BXek 4y, ehZs4e, 2500, B35, ARl SrBZR%tCaO(100)2 I Wk Fff Y Es i i 23 T840 0] . Bk k=247, 2020, 48(2):

172—-178.


https://doi.org/10.1016/j.partic.2019.04.003
https://doi.org/10.1021/acs.energyfuels.9b00622
https://doi.org/10.1126/science.1176985
https://doi.org/10.3969/j.issn.0438-1157.2014.06.038
https://doi.org/10.3969/j.issn.0438-1157.2014.06.038
https://doi.org/10.3969/j.issn.1674-1005.2003.01.003
https://doi.org/10.3969/j.issn.1674-1005.2003.01.003
https://doi.org/10.3969/j.issn.1674-991X.2017.01.016
https://doi.org/10.3969/j.issn.1674-991X.2017.01.016
https://doi.org/10.3969/j.issn.1674-991X.2017.01.016
https://doi.org/10.3969/j.issn.1005-006X.2005.03.001
https://doi.org/10.3969/j.issn.1005-006X.2005.03.001
https://doi.org/10.3969/j.issn.1005-006X.2005.03.001
https://doi.org/10.3321/j.issn:0253-231X.2000.05.030
https://doi.org/10.3321/j.issn:0253-231X.2000.05.030
https://doi.org/10.3321/j.issn:0253-231X.2000.05.030
https://doi.org/10.1016/j.apsusc.2015.01.229
https://doi.org/10.1016/j.apsusc.2015.01.229
https://doi.org/10.1021/jp405459g
https://doi.org/10.1089/ees.2013.0492
https://doi.org/10.1021/jp980093v
https://doi.org/10.3969/j.issn.0253-2409.2020.02.006

5% 10 1 2 AR B AR N2O ROBLEERTS 1443

(24]

[25]

[26]

(27]

(28]
[29]

(30]

[31]
[32]

[33]

(34]

(LI Zhi-peng, NIU Sheng-li, ZHAO Gai-ju, HAN Kui-hua, LI Ying-jie, LU Chun-mei, CHENG Shen. Molecular simulation study of strontium
doping on the adsorption of methanol on CaO(100) surface [J]. J Fuel Chem Technol, 2020, 48(2): 172-178. )

KAPTEIIN F, RODRIGUEZ-MIRASOL J, MOULIIN J A. Heterogeneous catalytic decomposition of nitrous oxide[J]. Appl Catal B: Environ,
1996, 9(1): 25-64.

SNIS A, STROMBERG D, PANAS 1. N,O adsorption and decomposition at a CaO(100) surface, studied by means of theory [J]. Surf Sci, 1993,
292(3):317-324.

GUO F Y, LONG C G, ZHANG J, ZHANG Z, LIU C H, YU K. Adsorption and dissociation of H,O on Al(111) surface by density functional
theory calculation [J]. Appl Surf Sci, 2015, 324: 584-589.

K, EAR, A, BRI, H,OXSO.7ECaOR M WK FH SRR TIFE (1], KOBME #2447, 2019, 47(10): 1163-1172.

(YAN Guang-jing, WANG Chun-bo, ZHANG Yue, CHEN Liang. Influence of H,O on the adsorption of SO, on CaO (001) surface: A DFT
study[J]. J Fuel Chem Technol, 2019, 47(10): 1163—1172. )

FU C M, KORCHAK V N, HALL W K. Decomposition of nitrous oxide on FeY zeolite[J]. J Catal, 1981, 68(1): 166—171.

KA, G, S, BB, MEAZ, A% B X s AR B JFNORY fMOWAE FHHLEE: DFTRIEST [T]. #RBHME 22 %41, 2020, 8(2):
163—-171.

(ZHANG Xiu-xia, XIE Miao, WU Hui-xi, LV Xiao-xue, LIN Ri-yi, ZHOU Zhi-jun. Microscopic effect mechanism of Ca on NO heterogeneous
reduction by char: A DFT study [J]. J Fuel Chem Technol, 2020, 8(2): 163-171. )

WU L, HU X, QIN W, GAO P, DONG C, YANG Y. Effect of CaO on the selectivity of N,O decomposition products: A combined experimental
and DFT study[J]. Surf Sci, 2016, 651: 128—136.

LEGLISE J, PETUNCHI J O, HALL W K. N,O decomposition over iron-exchanged mordenite[J]. J Catal, 1984, 86(2): 392—399.

KA, B R, WP, TR, kb, RSO, BRI BRI IR AT AL XSG F R A AR AL FRNO, 5 N, OHEE ¥ 3w [T el AL
TR, 2006, 26(21): 92-98.

(ZHANG Lei, YANG Xue-min, XIE Jian-jun, DING Tong-li, YAO Jian-zhong, SONG Wen-li, LIN Wei-gang. Effect of coal and limestone
addition position on emission of NO, and N,O duringcoal combustion in a circulating fluidized bed combustor[J]. Proc CSEE, 2006, 26(21):
92-98.)

KAPTEIN F, MARBAN G, RODRIGUEZ-MIRASOL J, MOULIIN J A. Kinetic analysis of the decomposition of nitrous oxide over ZSM-5
catalysts[J]. J Catal, 1997, 167(1): 256-265.

DEBBAGH M N, BUENO-LOPEZ A, LECEA C S M D, PEREZ-RAMIREZ J. Kinetics of the N,O + CO reaction over steam-activated FeZSM-
5[J]. Appl Catal A: Gen, 2007, 327(1): 66—72.


https://doi.org/10.3969/j.issn.0253-2409.2020.02.006
https://doi.org/10.1016/j.apsusc.2014.10.041
https://doi.org/10.3969/j.issn.0253-2409.2019.10.002
https://doi.org/10.3969/j.issn.0253-2409.2019.10.002
https://doi.org/10.1016/0021-9517(81)90049-X
https://doi.org/10.3969/j.issn.0253-2409.2020.02.005
https://doi.org/10.3969/j.issn.0253-2409.2020.02.005
https://doi.org/10.1016/j.susc.2016.04.004
https://doi.org/10.1016/0021-9517(84)90384-1
https://doi.org/10.3321/j.issn:0258-8013.2006.21.015
https://doi.org/10.3321/j.issn:0258-8013.2006.21.015
https://doi.org/10.3321/j.issn:0258-8013.2006.21.015
https://doi.org/10.1006/jcat.1997.1581
https://doi.org/10.1016/j.apcata.2007.04.029

	1 计算方法和模型
	2 结果与讨论
	2.1 N2O的均相分解
	2.2 CaO（100）表面N2O的非均相分解
	2.2.1 N2O在CaO（100）表面的吸附
	2.2.2 N2O在CaO（100）表面的分解过程
	2.2.3 CaO（100）表面的再生

	2.3 生物质气再燃时CaO（100）表面N2O的分解过程
	2.3.1 CO在CaO（100）表面的吸附
	2.3.2 CaO（100）表面的再生


	3 结　论

