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Recent advances in chemical-biological reduction combined
technologies for nitric oxide removal from flue gas
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Abstract Nitrogen oxides (NO,) in flue gas can cause acid rain, which is harmful to human health. Nitric
oxide (NO) accounts for 85%—-90% of the total NO, in flue gas; thus, removing NO from flue gas is of great
significance. After briefly introducing classic chemical and biological reduction methods, we comprehensively
reviewed the research progress of combined chemical-biological reduction methods to remove NO from
flue gas. Firstly, the NO removal efficiency and reaction mechanisms of complex absorption coupled with
denitrification and absorption coupled with anaerobic ammonium oxidation (Anammox) were discussed.
Secondly, enhancement methods for improving the reduction efficiency of the adsorbent, including the
electrode biofilm enhancement method for the complex absorption coupled with denitrification and sponge
iron enhancement method for complex absorption coupled with Anammox, were summarized. Thirdly, the
influencing factors (pH, temperature, and oxygen) of NO removal using the chemical-biological combined
reduction method were analyzed to provide a reference for setting the process parameters. Finally, the
advantages and disadvantages of complex absorption coupled with denitrification and absorption coupled with
Anammox processes were compared using three aspects—NO removal rate, reactor operation stability, and
reaction products. The results indicate that the performance of complex absorption coupled with denitrification
for NO removal was significant, but it requires an external carbon source and can produce N,O. Contradictorily,
the performance of complex absorption coupled with Anammox was relatively poor, but it is a cost-effective
method without an external carbon source requirement and does not produce N,O. In the future, in terms of
process development and application, the application of combined chemical—biological reduction methods to
eliminate NO, mercury, and polycyclic aromatic hydrocarbons (PAHSs) is worthy of further exploration. In terms
of mechanism, the biological and chemical redox mechanisms of Fe(I)EDTA (iron autotrophic denitrification and
chemical denitrification) being oxidized by NO to Fe(II[)EDTA need to be further studied. This study provides a
reference for the development of novel chemical-biological technologies for the denitrification of flue gas.
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Fig. 1 NO removal by biological method (summary and revision according to Ref [18-19]). Nar: Nitrate reductase; Nir: Nitrite reductase; Nor:
Nitric oxide reductase; Nos: Nitrous oxide reductase; AOM: Ammonia monooxygenase; HAO: Hydroxylamine oxidase; HZS: Hydrazine synthetase;

HDH: Hydrazine dehydrogenase; NXR: Nitrite oxidoreductase.
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Fig. 2 The mechanism of NO removal by complex absorption
coupled with denitrification under anaerobic condition (summary
and revision according to Ref [28]). Nor: Nitric oxide reductase; Nos:
Nitrous oxide reductase.
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Fig. 3 Mechanism of NO removal by complexation absorption
coupled with denitrification in aerobic system. Nor: Nitric oxide
reductase; Nos: Nitrous oxide reductase.
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Fig. 4 The principle of NO removal in anaerobic system by
complexation absorption coupled with Anammox. HZS: Hydrazine
synthetase; HDH: Hydrazine dehydrogenase.
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Table 1 Studies on NO removal by complex absorption coupled with Anammox

2% G Dhae LN RAFNIRE

NO &% NOZ: frif = NO LR

Complexing Functional Concentration of complexing Concentration of  NO removal rate NO removal R;frexnﬁfe
agent microorganism agent (¢/mmol L) NO (p/mg m™) (v/mmol L' d™) efficiency (r/%)
p Ly 134 . 96.09 £ 2.05
Fe()EDTA R4 %L AnAOB 0.24 =0 87.05 + 3.95 5]
Fe(INEDTA  JREZ A fLE AnAOB — 13400 604.80 80.0 [6]
Fe(INEDTA  JREZAE AnAOB 0.10 1340 0.514 92.2 [41]
Fe(I)EDTA KA R EAH AnAOB 5.00 670 11.40 80.0 [42]
—: SCHRPOR SR 2.

—: Not mentioned in this literature. AnAOB: Anaerobic ammonia oxidation bacteria.
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Fig. 5 Complex absorption coupled with Anammox adding
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and revision according to Ref [40, 46]). HZS: Hydrazine synthetase;

HDH: Hydrazine dehydrogenase.
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F5E, ZESAR, B AN T PR TS H SR
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B 23T I5 £ 90%-95% 1 B AR, X2 RN AL B B & ]
PUE &R 72914585, %FFe(I)EDTA-NOJK I 3% M AH % 652 5.
2% L WIS RE 45 TR A0 S 8L D N O 22 B 2 70%-90% , 3R
SR, EER K NANAOBE A A4l s 3%, X Fe(I)EDTA-
NO I J5 7 11 FH R 45 55 .
(2) 18 [ B SIS AT AL B 7 T, 4% 4 W & S B 1k
B SO AT BN R S HUBRIR, Qs A pE . RS, Mk
Lk s & R A B B L B AT, %5
WA A A ER R R B T AR TS VR R IR N i KU R AT
SE W I v AR R A R AL S Ve S AR i AT, AR AR B
OB T PR L RE AR, Bl dlis eI TS IR
15 BR IR [R) &5, 3 7 T o %A A .
(3) TE I BLEIF= W0 75 T, 4% A WSORS & SO Ah 3860 43 75 18
B, WFERAE, HA RSN AR, Xt KA Bk
R, S RO A IR A R R R A T E R
HREAD, NG HREA T EH8%, A WAL, HilfEd
TENLOF= . R TE J N 7= 4) 77 TH 4% 4 R SO & DR Uk
AR

3 WEWUHHEE LT R H S B A
PHARNASRE

25 4 WROSURE A AR 0300 TR e ELAL 2 v R AE v K R
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TFHENOY L Fe(INEDTAL f2 G B IR .
3.1 FERPHBRE EIE R R ERRIESFNOFIHG

AP BT L), T AT v B R SRR M Bk
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25 NAE RS 4K /SR A 26 0 T e 17 2% 3 NS H P AINO M <
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94.5%. 86% °°. Weisk A FImg s A= 4 S 37 2 [7] i 25 B HG®
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PAHs
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FIFANOAE N F 4k 2 B PAHs (IMFEFIZE ) , UNOIB R
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R B 590,194 0 d7F10.082 5 d7, i TR £hi% R
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