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Denitration mechanism of sintering flue gas on activated carbon
Yunlong HAN", Jie JI, Xiaobai YANG, Fuping QIAN, Yongmei HU

School of Civil Engineering and Architecture, Anhui University of Technology, Ma'anshan, Anhui 243032, China

Abstract: Nitrogen oxides (NO,) emission of sintering flue gas accounts for more than half of the total NO, emission
in the steel industry. With the increasingly stringent environmental regulations, the existed and new sintering machines
equipped only with the denitration equipment of flue gas can meet the requirements of NO, emission regulations.
Activated carbon has an abundant microporous structure, large specific surface area, and strong absorption capacity.
SO,, NO,, dust, and other harmful gases of flue gas can be removed simultaneously by activated carbon at low
temperature. Therefore, denitration of sintering flue gas on activated carbon has significant technical characteristics
and advantages at low temperatures. However, the poor sulfur and water resistance of activated carbon limits its wide
utilization in the denitration of low-temperature flue gas. The denitration mechanism of low-temperature flue gas on
activated carbon was reviewed in this work, and three denitration mechanisms were described in detail, namely physical
adsorption, chemical adsorption and selective catalytic reduction (SCR) reactions. The oxidation as a result of the
presence of oxygen in flue gas can effectively improve the denitration efficiency of flue gas on activated carbon.
However, the competitive adsorption of SO,, H,O, and NO in flue gas can reduce the denitration performance of
activated carbon. The inhibition and influence of SO, and H>O on the denitration of low-temperature flue gas over
activated carbon was also discussed. Chemical modification of activated carbon loading transition metal oxides and
rare earth metal oxides and their effect on the activity of activated carbon were described. The mechanism of activity
improvement of activated carbon loading transition metal oxides and rare earth metal oxides was also reviewed. The
loading of multi-metals oxides on activated carbon and their synergistic effects on performance improvement of
activated carbon were also introduced. Finally, the research direction and the industrial application of low-temperature
denitration technology of sintered flue gas on activated carbon were prospected.
Key learning points:
(1) Denitration mechanism of activated carbon was reviewed.
(2) The influencing factors of denitration on activated carbon were described.
(3) The effect and mechanism of metal (rare earth metal) oxides supported over activated carbon on denitration were
described in detail.
(4) The research and development of low-temperature flue gas denitration technology on activated carbon were
summarized and prospected, and suggestions were prospected.
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WFS: 2020-04-03, fE[E]: 2020-06-29, ML&EZ: 2020-07-29, Received: 2020-04-03, Revised: 2020-06—29, Published online: 2020-07-29
TEHREN: Ha k1974, T, BRICEFREmNA, #1, @, B8 TE%S, Email: hanlongy@163.com.

SIRMER: wHae, 48, B/hA, & BRI R BEALE]. DR TR, 2021, 21(5): 495-505.
HanY L, JiJ, Yang X B, et al. Denitration mechanism of sintering flue gas on activated carbon (in Chinese). Chin. J. Process Eng., 2021, 21(5):
495-505, DOIL: 10.12034/j.issn.1009-606X.220118.




496 U I D ¥l %

Joe 25 R = 5 1 T By AR AL

HER, wha,  BAE,

ZRT R TR, 28 Dl 243032

2 A, A KA

O REH R A NO)HEE S AT AL NOL HEUEL B 50% L L, BEEIRIERLE H 2874, DA SO s A H
BB UBLRE R B A BT AR HEBE LA NOL HE IR . TS PR LA« PERIABUR . W BE i, UG IR RID AT = B e o3k A
U SO20 NOx Frde S HefthAy F Uk . BRIk, ARIRGR A I PR A AT 2 38 ORr ) S BRI 3, (SR B A 2 32 40 S
SOz Ml H2O AN . A TARLRIR TARIRIA A VE R LR, SRR BRI . A6 2R S B MR AR S S . R e

AR AR, AEA R = iE R BN 2 1T SO2, H20 1 NO F7AETE 4+ M AE 2 BRI TR s RO B A v B, 16k T

SO2 A1 HaO o % 14 ¢ Jlit i 410 1) 41 FH B S o

PR s R AL TR e A SR A S S A 2 RE PR et

Ve R L IREALEE, JFx 2 T & m M AT 7/ B R R T AR IR I A AR AT T .

E /A
(1) £33k TG PER B ALER .
(2) PR T3 P PR PO S 1 P 3

(3) VEIR T3 PR 7 B I < (B - < S S A R B i P B v A P B L
(4) BEJFRE TIGRFE S E R EAR MR, JR5RHE T2

KRR MRAYS; VEMER; WM ML R
HhESES: X701 SCEAARINAD: A

1 R

B 1E R4 B I PRI R 8 2 1B T AT i
NATTRT B B A 3 P05 P S S BBk =y, AT I 4K
B T E YNGR T - A NN = B i e R 37 T 5
AN B AR R, AT e il 2 B At 23 U2 K - SO,
I NO A2 38 5 Ye ) E Z AT 48, B L
RERIR o TV Bl P A B (1) K5 LU . 2015 4F
WA G ) HERUR SO, AT NO, 73514 528.1 J3if
A1 551.9 Jimd, 430 b4 TlkiE shP= 4 1) SO, Al NO,
HEBUS B 33.9%F1 46.7%; A G 1T EIA A
HEH) SO, 1 NO, [ & 53708 136.8 M1 55.1 F3
W, 353 5 4x 1 Tl & 30725 1) SO, T NO, HEBUR &1
8.8%A11 4.7%MM. H AT KH MHAIE EHOR O, Xt
BXERAT M IR S HE RS FE AL T g d B B, AN ERAT
MVAEAE = IS 2 AR R RS R = A, e R A A
FEERAT LS Y B T, BR4s i AR NO, IHEZ)
A B ENHEBCR Y 55%, SO HEBEZ) (5 i SO, HE
FE T 60%12],

WA “A A7 W ZE R e 45 B A T CHE
SO,, Re&S LA CHUS —E ke, R imife

XERS: 1009-606X(2021)05-0495-11

AR . FRERVERIE H 28 24, W 2012 EEZK
Wit GB 28662-2012 (HRELKRS: . BRI THll KI5 44
HemhrAEY, Mg H 20154 1 A 1 HEEBA &4l
AT NO, HEFRAE N 300 mg/m?. I BREEHL K —E
FOARFE T4 NO, HE (A 7E Hi& ™ IR 5 T 34
T, A B HE RO A S . A 2SI B T
1T 2019 4F 4 HEREENR (O THEE SN AT Ik
RBIRHEB IR LY, FER B4 T 7 NO, HEUK FE R 21 50
mg/m’, HE XA 60%MENEAT LT 7E 2020 4K HE
AR 58 R SOE P o NO FRIHE S 4 4 T S0t I 58 7 46
DR, 397 2 S IRAE e 25 WL MR S CHE IO 2006 2 BT R34 T
NO, FIHERCELR o B9k Al 4 485 I S HE U O
KER. SBEE10%~14%). & HEH(10%~18%)-
SR SR AR (100~180 C) H shim R MHA o 2 4%
G0, BT, AU PAK BAT R B A AL
JREAR(SCRY AT, RAPUER B ERME AR, OB
MREEN 300~400°C o KltL, HREEMHA A THA RE R
FH G KRR SCR AR, AR 115 Rk
HEMWI 2 o TG MR () IR I RE[RIIN BeA Ry, i w]
AR B oAt 5 G AR AR A, AT S IRAIG iR e 225 4
AR AR B ] A RS LR S P R A AR



5

T A PR IS R A AL 497

B, FEIFEFRNZESH SO, Al HoO RN T FEAIG
TSR I LA T RE .

ERNARFUIE R IS HL, HESD TS PR KR be 45
S B TR, A AR TS P A SR AL
B, SEMRETE R RS DR 2R, B s R A M R 1)
B Ak 2B VA T TN BN TAEREAT T s, X
JoR b T ST MR R H AR AR T AR AT T R .

2 RS A R EE R A BAR

TER E AT BRENL NO, HEB PR E 2L KA = 1 1 0
N R R Al I R R A HETSCE K, G B
B2 MR AR AR & TR Gl R TS B £
Ao BEFR RGN S IAIR 0l RGeS 6L R, A5
GG, Wk R, SO2. NOL SRR EE R T B |
IIRRRAL, TR TS G RIHEG TR AT AR 45
THAHT R WA B R EEA EOS
(Emission Optimized Sintering) . Z; . LEEP (Low Emission
and Energy Optimised Sintering Process) L2+ EPOSINT
(Environmentally Process Optimized Sintering) T. 2 [X 3%

PE IR AR BORSEEAL,

2.1 FEME IR B

JRah T2 R B A G PR 7 S I 4k
FEAS BRI 2 TN A RS R HEISOhR i, H AT SEIRE &
[EIYST R 8 05 G s, AT /IS I 15 e e
B A EESIAFRHER, R H & A0S B
PR E, PR MR NG P R (£ ) [R] IRF G A7 5t A 4 A A1 1 3R
PR o WRBR S TR () e — PR I, RAE
KL TR, G WA LA SRR AR AR AL
IR S5 IR ()R e 4t = m s R0 o 7 it
JEAH P [E] BT, 3 B A5OSR A8
By, BRI TR BT A

TP IR (B M S5 BRI BOARCRIE T8, HoA
T 20 4l 60 AR Hat— W R FEHET A, WiH A
ffE A J-POWER 2 m) 6l TR bE—BCR R 3
Vit~ KAL) AR W B S B -5 A (P A2 ) 35 523 SO, A NO,
(W B 5 R AR ] A ORI (BE ) 2 A R 5N
P I Joe 285 JO AR I B il R 1 A, SR B ARE K
(Sumitomo Heavy Industry) ()7 4 5 32 6 A ot fid i
FiARBL, b e 4500 Y SO, A NO, TS T 95%
I BLAR 22 A0 5 T 33% M BLAH 201 R s R AR, ]
Jb RS Bt Bt A0 B A 43 AN G ZE b AT, ol B A P
fiff, A ST 85%100; T AW 5 (L AR A 2 2 bt
EERE, BRI R 87% A I, (HyE MR FE g 1A

JBR A B M S A A A — S ] 3, G s A SO, A
HoO HIFEM S80S PR B E AN s 9 oh, RS
TR AL S 1 R T RS SR R B B A A
¥ 5 5| e IR 2V R Al . R, 5 B RS
JEEE RIS, BRI R R e fE e B, T
IRA PR, ARG BhAh, BRah IR D shi
K, MEERIR 5K, 25 5 IR E5 1 XU 55

2.1.1 VETER NO W AL HE

— N RE IR AT NO [ AR E = Fpig A, H—
RVEM R R EA A, NO Al O, PRI T35
fir, WLPHASH) NO B O, A A B RS 1) NOLI,
B Langmuir-Hinshelwood (L-H)& M ALEE, Wi FE4n
K(D)~(3):

NO+C—C-NO (1)
02+2C—2C-0 ©)
C-NO+C-0—C-NOx+C (3)

Li ZE03F1 Guo 254G ik NO W R EERY B,
NO FEHAZFEHVER R C-O-NO =4, T &
&, NOBJH, C=0 E:HHEn, AT SO, Wkt
FAh NO(EL On) W b TiE R R, 40 Lewis 5
Bronsted MRYEAL, SREHEIR I NOEL 0.)5AEM
Ox(5k NO) A B C-NO,'%1, BJJ Eley-Rideal (E-R) /M.
P, R (1) FI(4):
2C-NO+02—2C-NO; 4)

XA SALEEA SRS NO B A 5 NO, J5

P BT MR 1 A FLBR A, {H Teng ZUCHACH NO

(IR B AT 4 NP AN ST AR, — 2T I, BRTESE
IRFLTHAERNO ZRWIE, W= (5)H(6):

2NO iy <> (NO )2z (5)

(NO)2+2C«>2C(NO) (6)

TRATHR), BIBETIR AN Ny, C(O)FI C(02)TE
207, () (R):
2C+(NO),—2C(0)+N; @)
C+(NO),—C(02)+N: (8)
S AR R W B NO B AR I\ i M R T E A
—ERNRE I E R TR, PRSI HES 1 NO H AN
—NO, F[H]U'8191, Samojeden 252005 75 ¢ R 1H B Ae K
VER B NALEEREAT T 8L 84, e PR R E R
R E B EREE, WRRAEEAE . Nl AL
s RS, WEREL. B FR. AR et
MR B 4] o X SR A R AR E TR s 1, R



498 U = B

PREBCRAER, 1A 10%3F /N, NI E & T 453
KB, S H R RGeS PRk, BRIE B e i
P At £ ZAE Ay NO K NH; W R A7 st
R TEEE . NO W BTG Mk i & 4 5] c-0
R0 WK 1(a); iR HAHAFEAE NO F1 NHs, ) NH;
HINO IR BB 5570 il 72 32 5k I R 14 ¥ 47 —OH Al C=0,
DL 1(b); A% NH W BT ik i i 25 2% 41 1) -OH. |,
1M NO WP T3t 1= C=0, & & P00 BBzl A ik
N, fl H,ORY, W& 1(c).

A NA° N
o o L p
N =y ]
C o (T
—C—f—C—  —C—{—C— —C—|}—C—

(©)
BT R & R B 22 NO HLERRY
Fig.1 Mechanism of NO chemisorption by oxygen-containing
groups of activated carbon!?!]

T B EE TR AT NO IR P RE 77, dd i P e
HEINE T R R TH AR SRR ], PTG NO IRk 22 IR B
R BRGNS AEER R, WR IR R 0,122
5 HyO,, HySO4, HNO; 551232400y M AT 48 A AL B
0 A L A e SO X Y P R 11 FL SR 5 A S R
KA, TRFLECEIE 25 (A B mT DA SO M e i) 3R T
2B, FRIERS AR D, BRI, AR TR
RIS, BT R SR R AL S, S RS A
C-0, C=0, 0=C-0 />, FFLL CO, CO, HITE k73 it
RO, AR NO BIW PR, {H AT i i B B A e e 3
e A R A .

FAh, SEIETER RS A E R, WK A NHs.
PR BB R P AT AR BR27.281, B8 s 1 R A
REH A EE, AR TAEEER LR @
NN B BUE B A 2 00U PR R SR T L R RO,
Huang 52\ Kok B 2% 3 A BUR I U 7 i - 48
NAREIEES, IRA 5T BUE R TIIEH], Ht,
SN EEAIG T 413 KI5 8RR B2 NO RSB S Ak s
PERL. A O B I SALER s (9) M (10) (R H Z7 J9id ok

%21 %

R & RAE R,
Z"+1/20,—Z(0) 9)
Z(0)+*NO—Z"+NO2 (10)

TETER T NO (58 =Fhg A1 iG 1w SCR %M
fitf, it — DR mEE e R AT NO IR, I 5
PEAARKE NO B RN Ny RN H 2 17775, H NH;
S I B JFEME SR . NO K NH; W B B i 2 [4]
BLri, FERAER AL Ny A1 HaOo 4R s B 2200
DAV MR A B MR S o I (W )& JR e, 4R s 1k
IR F NG AL R & A B A& . A NH; i SCR Z5&
R RGEFE W (11)~(13)BY,

6NO+4NH3—5N2+6H20 (1)
4NO+4NH3+02—4N2+6H20 (12)
6NO2+8NH3—7N2+12H20 (13)

RADKAEETARIFET, RSEEENE, 1
(12)7" NH; 5 NO MI4EEE/RIA 11 B, #FHN
“Standard SCR” . #(13) 84l NO, 5 NH; KA 11 v s
SRR NG . SR, AFFER I NO 5 NO, i) 24 & 5
IREEA 11 B, SO ZE R, PR “Fast SCR” B2,
n=(14).

2NH3+NO+NO2—2N»+3H20 (14)

i FE LUK, Wik 200 °C, NO, fE AT,

227 LA NHaNOs H [E] =0 e R 2, ansR(15).

2NH;3+2NO2—NHiNO3+N2+H20 (15)

SR NHaNOs 2 3E W AFE &4, i s T

60 C I 2R AEIM R R, LA E ) NH-NO, 5
W, FEERZST N Ny A H0B2,

2.1.2 O [F54MH
TE O A T H TG PR BB NO RE 2 2§ e BBt
RO, Op WARHENE FIAAAE P T TN/ E OB, — &%
BRI A ER, RIS AEAE DR AT MR 5 PR AL AR
FR F ) C-O a0, NO W b 335 1 3¢ 2 1 %
ik, 5 C-0EEWRPAR C-NO,, B M x(2)F
(3); & ERL C-NO-NO; fil C-NOsP, fE4 R/ C-0 &
HVRIERS, A BAERE [ C(O)234, B Ja AR =X
(16)F1(17) 1) 20T,
C(0)+NO—C(N)+COx (16)
C(N)+NO—CO,+N2 a7

T NO Wl W B AR W M 2R 2R VE MRS A R
C-NO, 1fi C-NO HEZH5EEW 0, M4 C-NO,.



5

T A PR IS R A AL 499

Yang ZFSHCHTE O/N, AR T, C-O M ALRE Ty
TAEE, F, NO S T iE s A b,
FHAENERNZ FEEZR RS, 17 LLATAA NO
TE IR F2H H A AN NO,, Bl NO+1/20,—NO0,
NO, £ 375 1 ¢ 2% T FL B P 458 SR S 00 A0 3 o LA B 74
FRAMLER T A& AT . S FH NHs 1F & J5E 7B,
“Standard SCR” , R 547 7E IS 1 i s 26 LR 4
WIS 2 T “Fast SCR” R A, HFRE O BIFF
TEH NO #5380 NO, A B R NO 34 Ji i 221361,
LA SO fFLERT, O AEEA T NO 1 SO, 1
SEREIE, AR P I(NOL)(SO)]" s K AFAE R 1
— 54 K HNOs Ml H,SOLP7 . A% S BUHE 58 T 15
[NH;/[NO N 1.2, #&JF RN 25°C. 253 M 1833 h ! (4%
R, O E&EX NO EBRZEM W, WK 2. LRI
TCEBT NO R ZIK, (XL 50%, 1M NO, [ 2 BrEE 4]
TE 75%UA Lo B AT ISP R ST NOL A 5 m (R AR S
T 2 Oy 35 F 2.5%FF, NO Fl NO, )2 B R HAE 90%
PLE, B O, &, NO ZppEBTiE.

1.8
1.6 - NO, concentration of inlet

141
120 Reject Oz

10 [
08
0.6
04
02 F

Remove O:

NO, concentration/(g/m®)

[ NO, concentration of outlet
0.0 I | I | I | I | I |

0 20 40 60 80 100 120
Time/min

B2 gk O B AR B

Fig.2 Oqtransient response over activated carbon®!]

2.1.3 SO, 52

AR 2%, B NO 4k, i SO,, H,0, CO, %,
T PR IR [E IS W PR A 5 Gy, SO, A HoO 43 %f
NO TP P2 A B KM . SO, HIRR IR, b Az i T
NO, SO ] Henry % %4 NO ] 20 %, FiLL SO, A&
G TREETE R . SO, ML &5 T T NO 46N NO»
RN A7, 20l b v 1 3R 6 NO VR BF, F 7T 38128 1] SO,
IR o5 T SRR 9 €O Al C=0 % PE R 4R 1T NO
HIREHR STE R SO, FIR Bt &, 24 NO IR BEAE 0.02%
PUFES, #E—203Em NO WREE, I3 SO, Mg 1t % 1k
SR T SO WREETE 0.03%LA R, SO, St 5 W
Bt NO 255 . B SO IR EETH 1, SO X i P L

Bt NO FIHIE FBZEETINR, 24 SO BN 0.07%LA |
I, NO ARAERE P TR B, WP 3, 3 e e [ i e B
SO, F1 NO anX(18)~(22)B373,

- B Sequential adsorption
® Simultaneous adsorption

. ! . ! . ! . ! . !
00 0.02 0.04 0.06 0.08 0.10

Decreased NO adsorption amount/(mg/g)

8
7
6
5
4
.3
2
1
0
0.

SO2 concentration/%

B3 SOz i BTG 1 3R Bt NO F s i 38)
Fig.3 Inhibitive effects of SOz on the NO adsorption with
increasing SOz concentrations(8!

SOs+*—S0,* (18)
2NO+02+*—2N0>" (19)

02+ 05" (20)
NO+02"+S02"—[(NO2)(S03)]"+* (21)
NO2"+S02"—S05"+NO+* (22)

A, *RIEMORIETENL, %5 H HO F74E, a4
[(NO,)(SO3)]" 242 Bt HNOs Al HoSO4, HEEHH NO, K
Rz 97 (23)07,

3NO+S02+202+2H20—H2SO04+2HNOs+NO  (23)

HE = 4[(NO,)(SO3)] I8 K S iR A2 1 SO, 4% O,
A4 SOs A il HaSO4 5, B SO o A 51 Bt A7
WA B HETEAL, AT R SO, AT H A 1 s
B SO WP o IR SO, IR B8 I AT 42 v i 1 ok
TSR b SO, FHRE AL F ¥ NO fICRE I,
TEPELLHE SO, o F I HIH] NO FRITE PR R A 2R B o #57
M55 N NH; £ AL J5 7], SO, 2 5 NH; R A il NH4HSO4
8% (NH4)2SO04, 1M NH4HSO, %6 14 1R 58 H 2 A il i,
LR BT P 3R TR R 2 1 LS M TG 1 55 T
PEIR (IR B 1 e o o #2 o T 2 ) NHLAHSOs AR
B IRE NHaHSO, FRI53 i, A28 AR A 2003 2 24 i
IR FE A BR T SRR AR IR R4, 30 g 4042
WIS PR () 58K V,0s (KBRS M BE &% NH4HSO, 43
fRAT M. Li N8 TG-MS #F 78 7 Ui Fis A
NHsHSOs 738474, AN NHHSO4 15 ff 73 Nwi 22,

B R BEREEN 170~223 ‘CHF NH4HSO, 1 %670 %8 NH;



500 SUR R

21 %

A HSO4; MR ERT 223°C, MESH. AERE
T HaSOs MG MR E N SO, R K. Zhu
AL I VL0s )tk /T Swi%elf, fE 180~250°C
TP S L P R 2 T UAR (B e 36 AR B NH R
PEAL, BT NO RERFEEI R A N, M85 1 i
B SRR B AN FE TR . T Yang S5 R G
THUSER) Fe/AC AL, DB 380G R T3 =8k
FETE PR IR R THI 1) 73 BORE S et e 77, T i i 26 28 W0 i 1)
AR T IE TR R TR EAL, A RT NH; .
RE PR R A 5 A 45 o J5 — MR o kb 3, R, £
AR B R R N R E B R R . TR
Fe,0; A & 2| & € AR 5+ A/EH, {2 7 NHsHSO,
TEARIR X ] B2, — e FRRE B3] T NH4HSO4 7E M
A FIZRTH TR, I3 s 1 A A IR LR LK
REL4L, TALAR SCR AL 112K Si0, J5, B NH4HSO,
AR SO %Y Si-OH B:HIFRME 4s &, Hlss 1 ik
A NHSZ M HIBER, NHSE GRS, ik, HfA
IREE AT 1) FerO3 F Si0, Ayid M AR be 45 JH S A 12
F L BE T BB A A R SR T M e S R
2.1.4 H,0 520

AP KER S EN 10%~14%, 3G R4S
SRS 0 A e R 7K VR A E 2 8 9 R TR B
SO, Ml NO 42 i HoSO4 Al HNOs, K45 T35 R FLE N
[F] s HoSO4 A1 HNOs 23 538 M 5 TG PR 4H 73 R AR
IS AR BRI R B BR Bh BSOS R SR 28, TR E S M ok
KIS ALBN - IKIAEAE 2 HH] NO R, {HFT SO,
LA E . K5 NO, NH; fE7E T2 4 W, AT #E—
EFERE R TG VR IVERE, 50K, JEMERIE S
WK JEA AL D REBIAS), PR T ALRCR, WKl 4
FiR e

2.1
18 b NO, concentration of inlet
=
ERREES
E L
2 1.2 - Remove H.0
«©
= r NO, concentration of outlet
g 09 ’
= L
3 0.6 Inject H.O
%‘ .
0.3
00 I L L L L L L L L L
0 40 80 120 160 200 240

Time/min

Bl 4 HaO X344 i Bt i 1) 2 g (31
Fig.4 Effect of H20 on denitration of activated carbon!3!]

SR1MT, Samojeden ZFU401A B2 S AA) THUAL B 1) 75 14
K H Fe(NOs); 12 511443 Fe/N-AC, S HAFA7EK
I} NO B bR PR RE RN S SR B A O, TR RRAIG,
PRARFE RO . 5P ek, T Fe/N-AC #E A6 1 3
KREWENFERIRES, HA—@ M ¥, dentation 1,
K s.

100 -

NO conversion/%

55 -
50 L . | . | . | .
0 50 100 150 200

Time/min

Bl'5  H2O X Fe/N-AC fiEA6 1 BE L)
Fig.5 Effect of H20 on catalytic activity of the support
Fe/N-ACH0]

2.2 FEMRLFEME

B 1R R s R v B2 e NO IR BERE T, 0
PR 1 R E A B AR PR B NO #EAT AL IE
JEL BRI PR AT NO IR B BT 22 1) i o ik ok
GERIETE R 2 9L )@ S b LA R Am ) . i
T )& LA V,0514750, CuOP 53], MnO, P+ 41 38
PR S 98 07F T AL 2 TR I B AL e 1

2.2.1 PLRIHEK

oy E I T ISR SO I A M e T,
Huang ZEUICA S A BTG R I, NHs 0T
Lewis BRVEAL, 7533 NO KW bt T3 vk E I NO,
RAEIE G N R Ny AT H200 R, Lewis BRYERL 2
PR 1 B A AR R NO HvETEAL, FFIE7E E-R
SSHLER . A FB A FE 841Ny, S M S f
HFIAELE Lewis F11 Bronsted P ER A7 o 17 Sun SEA4SIHA
s MR S B AL RS L-H R NALEE; Wang Z5149)
M) RAFAE RPN 445, NH; 3% T Lewis BRYELT
RS FII R R A SN, B E-R SN HLEE 3% A I B 1
NO, I NH; 87, B L-H JRSHLEE, FFRA A 1 md v
R BVAAEE 2 Bt L-H OV ALER, AN 242
AR AL P BE - T Zhu SO AE AR I
V205 & T, SO, MAFESERE NO AL M,
) VoOs i E A RIER, V.05 FEEAE



5

T A PR IS R A AL 501

1wt%~5wit% 1S H1 0.04% SO, FITELEAT ] R4 1 1tk o
X NO IRt Fa e, anll 6 frw. EARTEME R 61 Ek V05
BAR SRR NO #A R H BHA — @ Mithiae 71, {2 V,0s
BA— 8 IR, A7) R0 5 7R fa 6 R 7 7 b 2 )
T B = A

100

©
=
=
o)
>
g
S, 40 ——0 —=—1
S —A-3 —e—5

20 ——7 —=9

| —O0— 13 —O0—17
0 | 1 | . | |

0 2 4 6 8 10 12

Time/h

Bl 6 SO2 X 5148 V2Os I 1H: 2 Jit A 1 B 114 52 g 150)
Fig.6 Effect of SOz on the activity of V20s/AC catalyst with
V205 loading!>"!

(Reaction conditions: [NO]=0.05%, [NH3]=0.056%,
[02]=3.3v0l%, [SO2]=0.04%, equilibrium gas: Ar, GHSV: 90000
h™!, temperature: 250°C)

2.2.2 i E

TP R SR AT, & BT CuO At NO
A AR JEAE FS 530, 40 0 5 BB i TG PR R R TH 4
PR A R, G SR S P R A A R AT
HNO; FilAbFR, R % 14 ¢ 3 T 38 I o8 22 (1375 P S 4]
34k, HNO; REIA ARGV R 10 AR S AL 1 R A, i
B RS FAERE YRR RIS 5], e T i
AYEURED2S3, (RN SAELE SOy, SR ISR X NO
LA R S PRAK, FERHT CuSOs WAL, HAEAL
BRI SAh, TR 5 AT AR R Y A
HAR RN NO #ALR, iR EEAE 180 °C LA NI SRR
USSR
2.2.3 Mn fI63%

R EA BRI LRI, & LR G R &
AEEH, ARIT MnO, /3 BUTETS PR R, 171 MnO; 7
B BRI T LM R B o TR MR SR Min AT HE
S NO FURIB AT T, A2 b T R 3 K IR A
FK A NO W TG MR R 1, AR NO,, 4R
JEHE NH; 3B J7 4 Ny Al HyO. 35 7 2% 513 MnO, 1F H
SE AL 22 (A A B A, TR0 73S 14 2R R SCR i
PS4, 76 Mn B UM ERTE A, MnO, B fmi i
IR TEYE, MnOs BA s Ny 80455, Mn 1)

PRE S U RO, RIEFESEPHACN 8wt% Mn
¥ 01 28 SCR HEALIEE Sy, SR 2, BUARM
TEVERL IR VAN 5 2B s AR T, SR M PR 1 fE AL T
PE, Wk 7 FoR. iR 718 MnO, EALTIFEAFAE SO,
I, HIgSHAELIERE, SRR CeO, 5 MnO, Hk [ 1
W IEYERN, WA E AL B, Ce AAT Mn
FEIE PR B A 70 BT, DT B v HEAL TR LR P RE

100
90 |-
= 80 F
g om0
(5]
5 60
g sl
g ol —e—2 Mn/AC
g i —%— 5 Mn/AC
E 30 - —A— 8 Mn/AC
8 20F —=— 10 Mn/AC
10 F
0 L L L L L L L L L L L L
80 120 160 200 240 280 320

Temperature/'C

K7 Mn SRR V2R A A i )

Fig.7 Effect of Mn loading on denitration of activated carbonl>®]

224 Wit&Em

CeOy Ml LayOs S 4t 72 B FH T8 Mok Sk 1 #f
T4 B A0, SIGER, R 10wt% CeOs (1135
PR BT o i NO B4k &, e BT A] I &2
150~180°C. Ce HA M AMEAIERE, BELEIETER KN
A C-0, C=0, COOH & AT e, Ce MM EHaE
oG P R A R BE AR AL, A TR B R NO R
2 NO2, % NO i Ji e N f A L A< i HL0
J SO, 2] NO [ A6, 1] LaxOs NI 75 B4 5 1)
T, TR R 20wt%l) La,Os I R H A2 E 1
ARG RS, 2SR IR R AL EERS, RI98/b LayOs [ 913K
B, 10%JRE-5% LayOs/ACF 7EH# I T NO Ak K alik
959601,

2.2.5 Hopth 4 J@ E A ) f 8

AR A iE S T R, b y-
Fe,Os MG PRI iR T FesO4r fH Xiao SFUA A F1 2K,
AR TS R AE Ry iR I A Bh T4 NO b2,
1M Yao S5O2S258 i IR LR BE 250 CH, i fiF 26 % ik
90%, [FIY, £ 0.0015 T Bz ik Al F Refeit NO %L,
IEHT BEHE 7 S% IR, (HIR 468 =1, NO HLE R
M NBE. Fbek 2 5 H A& 8 A3t 7 5738 T3 1%
IR, U1 Mn-Fel®l, Cu-Fel®4, BRI KIEMM & IEE
A B [F A P e ARGR BN R PR TG 2 2 NO #%fb 2R



502 U = B

21 %

Mn-Fe 2 75 5 5 0 B B A 8000 bR A 58 2 AP IRk 2
) NOISI, i Co-Fe/AC WSEERAT 7K W], NO F1 CO <,
MRS (<200 °C), FeosCooo/ASC HATE 100%[H it
BF S 1, 3X 2 IR FL A7 AE K& 1) Bronsted FRPENL . S 25407,
JARA 5K BRI R PR RRIOO, LR B0 NO (14
IS AL, B T2 CO MEMIEYERL. A 10wWt%
1] HoO B, NO FEALZ R 20%, 7RISR IR E T
AR, NO HA R REIKE £ 95%~98%.

22.6 ZILEBMHAE

Fopth o U & 8 B a8 A 5 TR I R AR A fe
e 7% NO AL IS M () S ib i R 67O %, IRTF-4)8
B AIE IS T NO AL ERE, & SO,
HoO 55K R M52, DAAy B AR RS R A o i v 2
AL & R R 2 S FRAC EL o B 4193 &R 03k T3
PR B B — R R TR NO ALENE, dh, AR
FHALS R A B EKE SCR L, (HERRE
KL By TR SCR S ML FEAR LR s, — MR
BAR SN SCR kg, H1E HO J SO, fA{ERT 4]
BAB SR E . Ce, Cr, Co &t BA — & KPR TE
Ae, Db, —on&)E mEnEtE R ], 11 CeMn/AC,
CuFe/AC, FeCo/AC 55, HEZuEBEMAp R
WEFE072, DUHER B SO H AR IR = 38 R [ e Bt it
AL
227 WEMER m P EAAAR

WO R E K A AL B R (Advanced Oxidation
Processes, AOPs) &1l i = 2E mid i Az g
HHE, AIEFEVERI AR AR A VIR L, i 2 Ak,
BRI REEACATFE I TN . AL Fenton %,
A UV-H20,0 RAL REA-UV. B, S8 FRE
SEBTA, JEVEIR i R HR T B T K AL B
T 2 5 70 BV 1 e v R B R AT T A
22, IR T TiO/CuO B & MGHEA stk s %
£FYE(ACF). Y68 Fenton Bttt ACF. B AR AR H 1%
AT R (BC) A K i A B EctE BC,  sREGINR 1
LI FE A 40 °C AN AR B 2, NO A3 i
N 62.5%, (HECAWIEE. BRI BERA . /EEIN
DTSR R I B AA . AN E e T NO itk
SR, TR S R AR P AR I R B R H
F(-OH), TR KT 1A LTS 4 BA T 57 1AL
B fife 1 e

3 SiEHRZ
e b MR R SRR 7E TR B TR A R AL

RLH], AESZHH S SO,, HaO HISIHIVE H ™ H, ST
AT N TETE R ORI LA
(B PR B MR B NO Bl A A= A i A P PR T AR M Rl Y
TR AN AR S AR AH 4 1) FLER A R T, i PR
PR S L R TR I AT 22 5 NO IR . 1R
WAFE RS PER NO W PERE iR 12 2 — 2 Bt id PE R
FLEREE R, BRI TER NO W HA R AR, R
PRAETE R N AR FLBR S R IR B P o e R EE L Ak
AN PR Ao NH3 A MEALIE IR NO 2 H i V2= i A i)
TR A R AR RILEE, TS I sl B
BRI PR I (R ) s ALY RT LB XS NO (1
AR IR VERE YUK DUlRAE /1, AR T L fEtLis
JRUS N RIASRE T S AR AR B 5 A3 T B 4 [ AR
PTG Q3 EE, DA, 1R8N SR I (B 1)
<2 SR B0 A B R i P R i D ) A B R A
PR 1)

W PERAE BURRL  JBLAR AR 7] IS 3 T S B4 A 40 ROAL
Wy, “PERSEAEAERNE, MEEEERIUK. PR
TIRABT IS A S AR5 SRS B AR R, HR4H)
ENERAR IR TR AR 1320 IZ R -

Sk

[1] e NRILAEHE R Y5, 2016 RS HER M]. b
AU ER S ARAL, 2016: 62-68.

Ministry of environmental protection of People's Republic of China.
China environmental statistics yearbook 2016 [M]. Beijing: China
Environmental Press, 2016: 62—68.

[2] ZRRE, sKEE, FiER, & SRA IS R in B K
hRVAEL L Z 40T [1]. M TAR, 2016, 10: 80-86.

Qie J M, Zhang C X, Wang H F, et al. Treatment tendency and
synergetic treatment process analysis of iron ore sintering flue gas
pollutants [J]. Environmental Engineering, 2016, (10): 80-86.

[3] T8, KEE, &L S ERGAT L T B R HE e
ARiERE [J]. B8k, 2019, 54(9): 1-11.

YuY, Zhu T, Liu X L. Progress of ultra-low emission technology
for key processes of iron and steel industry in China [J]. Iron & Steel,
2019, 54(9): 1-11.

[4] sk, MR, AW, & RETEA PR EAMBBR T
[7]. #XEk, 2017, 52(5): 100-106.

Zhang H L, Shi Q, Long HM, et al. Analysis of NO, removal process
in sintering flue gas [J]. Iron & Steel, 2017, 52(5): 100-106.

[51 THE, EilX, KEE. R REWNER TRkt 1]
BRI, 2014, 39(1): 51-55.

Yu H, Wang H F, Zhang C X. Analysis on advantages and
disadvantages of sintering waste gas recirculation process [J].
Sintering and Pelletizing, 2014, 39(1): 51-55.

[6] FidkVE, XU, B, 2. T AR TR LB
WBAT IR 5 -T2 5 HEARZF 44 [ FeaikiE,
2012, 37(1): 65-69.

Gao J X, Liu J, Zeng Y, et al. Application and analysis of dry



5

T A PR IS R A AL

503

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

activated coke (carbon) sintering flue gas purification technology in
iron and steel industry—process and technical and economical
analysis [J]. Sintering and Pelletizing, 2012, 37(1): 65-69.

AL T, ACEENE, EH. PR A be 45 0 AU Al L2k B BR )
[1. 1hZR#h4, 2019, 41(6): 48-50.

Cheng S Y, Zheng L L, Wang C. Discussion on the selection of
denitration process of sintering smoke in iron enterprises [J].
Shandong Metallurgy, 2019, 41(6): 48-50.

IR, Missse, IME, S5, PR IN S PR I I B B A SR
MAHBUR [I]. B TR, 2018, 36(3F1)): 546-550.

Yang Y J, Yang J L, Sun J, et al. Technology of sintering flue gas
desulphurization and denitrification by activated carbon adsorption
[J]. Environmental Engineering, 2018, 36(S): 546-550.

SRR, FEHE, A, REMRBAEEOR B L EE (0],
Eif 4, 2017, 27(8): 56-59.

Shi XY, Dong Y P, Cui Y. Analysis and comparison of sintering gas
denitrification technology [J]. China Metallurgy, 2017, 27(8): 56-59.
FEG, A, BN, S5 TR S R R T AR
PREHIISA (7] EMENE, 2019, (3): 52-54.

LuJ G, Yan Z H, Shao J G, et al. Application of countercurrent flue
gas purification process with activated carbon in sintering machine
of Hansteel [J]. China Steel, 2019, (3): 52—-54.

AT VR SRR TE FANBAR S L . 3*be s ML
MR [J]. BEZEERE, 2017, 42(6): 5-10.

Zhao L M. Application of activated carbon flue gas purification
technology in 3* sintering machine of Baoshan base of Baosteel [J].
Sintering and Pelletizing, 2017, 42(6): 5-10.

Hong Z, Wang Z, Li X B. Catalytic oxidation of nitric oxide (NO)
over different catalysts: an overview [J]. Catalysis Science &
Technology, 2017, 7: 3440-3452.

LiYR,Guo Y'Y, Zhu T, et al. Adsorption and desorption of SO,
NO and chlorobenzene on activated carbon [J]. Journal of
Environmental Sciences, 2016, 43(5): 128-135.

Guo Y Y, Li YR, Zhu T Y, et al. Investigation of SO, and NO
adsorption species on activated carbon and the mechanism of NO
promotion effect on SO, [J]. Fuel, 2015, 143: 536-542.

Liu K J, Yu Q B, Liu J L, et al. Selection of catalytically active
elements for removing NO and CO from flue gas at low temperatures
[J]. New Journal of Chemistry, 2017, 41: 13993-13999.

Teng H, Suuberg E M. Chemisorption of nitric oxide on char. 1.
reversible nitric oxide sorption [J]. Journal of Physical Chemistry,
1993, 97(2): 478-483.

Teng H, Suuberg E M. Chemisorption of nitric oxide on char. 2.
irreversible carbon oxide formation [J]. Journal of Physical
Chemistry, 1993, 32(3): 416-423.

Yang H, Liu H, Zhou K, et al. Oxidation path analysis of NO in the
adsorption and removal process using activated carbon fibers [J].
Journal of Fuel Chemistry and Technology, 2012, 40(8): 1002—1008.
Zhang K, He Y, Wang Z H, et al. Multi-stage semi-coke activation
for the removal of SO, and NO [J]. Fuel, 2017, 210: 738-747.
Samojeden B, Motak M, Grzybek T. The influence of the
modification of carbonaceous materials on their catalytic properties
in SCR-NH;: a short review [J]. Comptes Rendus Chimie, 2015, 18:
1049-1073.

Teng H, Tu Y T, Lai Y C, et al. Reduction of NO with NH; over
carbon catalysts. the effects of treating carbon with H,SO4 and HNOs
[J]. Carbon, 2001, 39: 575-582.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sousa J P S, Pereira M F R, Figueiredo J L. Modified activated
carbon as catalyst for NO oxidation [J]. Fuel Processing Technology,
2013, 106: 727-733.

Guo Q Q, Jing W, Cheng S Z, et al. Promoting role of sulfur groups
in selective catalytic reduction of NO with NH; over H,SO, modified
activated carbons [J]. The Korean Institute of Chemical Engineers,
2015, 32(11): 2257-2263.

You F T, Yu G W, Xing Z J, et al. Enhancement of NO catalytic
oxidation on activated carbon at room temperature by nitric acid
hydrothermal treatment [J]. Applied Surface Science, 2019, 471:
633-644.

BRI R, AR R X A 35 A A A R A A R T ) S
BFFE [D]. AJE: KJEH T K2, 2019: 18-22.

Fan X L. Experimental study on the effect of microwave discharge
on the regeneration performance of desulfurization and
denitrification activated coke [D]. Taiyuan: Taiyuan University of
Technology, 2019: 18-22.

Gao J M, Li X M, Wei Z Z, et al. Effect of microwave treatment on
the reactivity of synthetic coal char for NO reduction [J]. Energy &
Fuels, 2016, 30: 10679-10685.

Wang M X, Guo Z Y, Huang Z H, et al. NH;-activated carbon
nanofibers for low-concentration NO removal at room temperature
[J]. Catalysis Communications, 2015, 62: 83—88.

Lin YT, Li YR, Xu Z C, et al. Transformation of functional groups
in the reduction of NO with NH; over nitrogen-enriched activated
carbons [J]. Fuel, 2018, 223: 312-323.

Huang M C, Teng H. Nitrogen-containing carbons from phenol-
formaldehyde resins and their catalytic activity in NO reduction with
NHj [J]. Carbon, 2003, 41(5): 951-957.

Muiiiz J, Marban G, Fuertes A B. Low temperature selective catalytic
reduction of NO over polyarylamide-based carbon fibres [J]. Applied
Catalysis B: Environmental, 1999, 23(1): 5-35.

o, kR, BAER, & I RKEELE R NO, IR R
B SIAER AT [J]. FREERLAEAR 7K, 2006, 19(4): 86-90.

Yang C, Zhang J F, Tong Z Q, et al. Analysis of affecting factors and
reaction mechanism of low temperature selective catalytic reduction
of NO, over activated carbon [J]. Research of Environmental
Sciences, 2006, 19(4): 86-90.

Salazar M, Hoffmann S, Singer V, et al. Hybrid catalysts for the
selective catalytic reduction (SCR) of NO by NHj on the role of fast
SCR in the reaction network [J]. Applied Catalysis B:
Environmental, 2016, 199: 433—438.

kg, XUZE, KABSY, S WS PER A RS TR DR (LB 23 47
(7). HE LR AR, 2015, 35(10): 2495-2503.

Yang H, Liu H, Zhu D L, et al. Mechanism of combined removal of
SO, and NO over activated carbon fibers [J]. Proceedings of the
CSEE, 2015, 35(10): 2495-2503.

You F T, Yu G W, Xing Z J, et al. Enhancement of NO catalytic
oxidation on activated carbon at room temperature by nitric acid
hydrothermal treatment [J]. Applied Surface Science, 2019, 471:
633-644.

Rubel A M, Stencel J M. The effect of low-concentration SO, on the
adsorption of NO from gas over activated carbon [J]. Fuel, 1997,
76(6): 521-526.

FuY L, Zhang Y F, Li G Q, et al. NO removal activity and surface
characterization of activated carbon with oxidation modification [J].
Journal of the Energy Institute, 2017, 90: 813-823.



504

o E TR YW

21 %

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

DA, WhIZ. EE R AR T e I R T 5 e 7
[1. #2= Tk 5 THE, 2020, 37(3): 10-16.

Peng J, Yao W. Process of the influence on desulfurization and
denitration with activated carbon supported metal oxides [J].
Chemical Industry and Engineering, 2020, 37(3): 10-16.

Guo Y Y, Li YR, Zhu T Y, et al. Effects of concentration and
adsorption product on the adsorption of SO, and NO on activated
carbon [J]. Energy & Fuels, 2013, 27: 360—-366.

Kiman S, Karim G W AW A, Yaw C T S, et al. Breakthrough studies
of Co;04 supported activated carbon monolith for simultaneous
SO,/NO, removal from flue gas [J]. Fuel Processing Technology,
2018, 180: 155-165.

Li P, Liu Q Y, Liu Z Y. Behaviors of NH,HSO, in SCR of NO by
NH; over different cokes [J]. Chemical Engineering Journal, 2012,
181/182: 169—-173.

Zhu Z P, Niu H X, Liu Z Y, et al. Decomposition and reactivity of
NH4HSO4 on V,0s/AC catalysts used for NO reduction with
ammonia [J]. Journal of Catalysis, 2000, 195(2): 268-278.

Zhu Z P, Liu Z Y, Niu H X, et al. Mechanism of SO, promotion for
NO reduction with NH; over activated carbon-supported vanadium
oxide catalyst [J]. Journal of Catalysis, 2001, 197(1): 6-16.

Yang W W, Liu F D, Xie L J, et al. Effect of V,0s additive on the SO,
resistance of a Fe,O3/AC catalyst for NH;—SCR of NO, at low
temperatures [J]. Industrial & Engineering Chemistry Research,
2016, 55(10): 2677-2685.

HRRR, MGG, SEE, 45 Fe,05 MINIXTEREE SCR AL IR
R S A3 AT N ISR [J]. BREERME 4R, 2018, 38(5):
1774-1782.

Ye D, QuR'Y, Weng W G, et al. Investigation of the effect of Fe,O;
addition on the decomposition behavior of NH,HSO4 on the TiO,-
based SCR catalyst surfaces [J]. Acta Scientiae Circumstantiae,
2018, 38(5): 1774-1782.

Ye D, QuR Y, Liu S J, et al. New insights into the decomposition
behavior of NHsHSO, on the SiO,-decorated SCR catalyst and its
enhanced SO,-resistant ability [J]. ACS Omega, 2019, 4(3): 4927—
4935.

Samojeden B, Grzybek T. The influence of the promotion of N-
modified activated carbon with iron on NO removal by NH;-SCR
(selective catalytic reduction) [J]. Energy, 2016, 116: 1484-1491.
Huang B C, Huang R, Jin D J, et al. Low temperature SCR of NO
with NH; over carbon nanotubes supported vanadium oxides [J].
Catalysis Today, 2007, 126: 279-283.

Sun D K, LiuQY, Liu ZY, et al. An in situ DRIFTS study on SCR
of NO with NH; over V,05/AC surface [J]. Catalysis Letters, 2009,
132: 122-126.

Wang J P, Yan Z, Liu L L, et al. In situ DRIFTS investigation on the
SCR of NO with NH; over V,Os catalyst supported by activated
semi-coke [J]. Applied Surface Science, 2014, 313: 660—-669.

ZhuZ P, Liu Z Y, Niu H X, et al. Promoting effect of SO, on activated
carbon-supported vanadia catalyst for NO reduction by NH; at low
temperatures [J]. Journal of Catalysis, 1999, 187: 245-248.

BOOR. TR 51304 B E ) HC-SCR B #4677 1 et 7T
[D]. &M FER Y K2E, 2019: 23-25.

Quan W B. Investigation of activated carbon supported metal oxides
catalysts for HC-SCR of NO [D]. Xuzhou: China University of
Mining & Technology, 2019: 23-25.

Kim M J, Lee S M, Lee K M, et al. Effect of CuO introduced on

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

activated carbon fibers formed by electroless plating on the NO gas
sensing [J]. Journal of Industrial and Engineering Chemistry, 2018,
60: 341-347.

Chuang K H, Lu C Y, Wey M Y, et al. NO removal by activated
carbon-supported copper catalysts prepared by impregnation, polyol,
and microwave heated polyol processes [J]. Applied Catalysis A:
General, 2011, 397: 234-240.

Fang N J, Guo J X, Shu S, et al. Influence of textures, oxygen-
containing functional groups and metal species on SO, and NO
removal over Ce-Mn/NAC [J]. Fuel, 2017, 202: 328-337.

Xu H M, Yan N Q, Qu Z, et al. Gaseous heterogeneous catalytic
reactions over Mn-based oxides for environmental applications: a
critical review [J]. Environmental Science & Technology, 2017, 51:
8879-8892.

SR, EWe, VARTRE. DA 5 Ak A 7 8 A A 77 A
SCR JRAEPERE [J]. AP K244 (A A B RR), 2013, 43(4):
814-818.

Wu H M, Wang X B, Gui K T. Performance of SCR denitration of
using activated carbon impregnated catalysts as support [J]. Journal
of Southeast University (Natural Science Edition), 2013, 43(4):
814-818.

Wang Y L, Ge C Z, Zhan L, et al. MnO,—CeO»/activated carbon
honeycomb catalyst for selective catalytic reduction of NO with NH;
at low temperatures [J]. Industrial & Engineering Chemistry
Research, 2012, 51: 11667-11673.

Sumathi S, Bhatia S, Lee K T, et al. Cerium impregnated palm shell
activated carbon (Ce/PSAC) sorbent for simultaneous removal of
SO, and NO process study [J]. Chemical Engineering Journal, 2010,
162: 51-57.

Gao L, Li C T, Lu P, et al. Simultaneous removal of Hg’ and NO
from simulated flue gas over columnar activated coke granules
loaded with La,0;-CeO, at low temperature [J]. Fuel, 2018, 215:
30-39.

Lu P, Zeng Z, Li C T, et al. Room temperature removal of NO by
activated carbon fibres loaded with urea and La,O; [J].
Environmental Technology, 2012, 33(9): 1029-1036.

Xiao J A, Xu Q X, Xu Q, et al. Promotion effect of Fe on NO
reduction by activated carbon loaded with Fe species [J]. The Journal
of Chemical Thermodynamics, 2016, 95: 216-230.

Yao G H, Gui K T, Wang F. Low-temperature de-NO, by selective
catalytic reduction based on iron-based catalysts [J]. Chemical
Engineering Technology, 2010, 33(7): 1093—1098.

Yan L J, Liu Y Y, Zha K W, et al. Scale-activity relationship of
MnO,—FeO, nanocage catalysts derived from prussian blue
analogues for low-temperature NO reduction: experimental and DFT
studies [J]. ACS Applied Materials & Interfaces, 2017, 9:
2581-2593.

Zhang Q L, Wang H M, Ning P, et al. /n situ DRIFTS studies on
CuO-Fe,0; catalysts for low temperature selective catalytic
oxidation of ammonia to nitrogen [J]. Applied Surface Science,
2017, 419: 733-743.

Shu Z, Chen Y, Huang W M, et al. Room-temperature catalytic
removal of low-concentration NO over mesoporous Fe-Mn binary
oxide synthesized using a template-free approach [J]. Applied
Catalysis B: Environmental, 2013, 140/141: 42-50.

Wang L Y, Cheng X X, Wang Z Q, et al. Investigation on Fe—Co
binary metal oxides supported on activated semi-coke for NO



5

T A PR IS R A AL

505

[67]

[68]

[69]

[70]

[71]

reduction by CO [J]. Applied Catalysis B: Environmental, 2017, 201:
636-651.

Jiang L J, Liu Q C, Zhao Q, et al. Promotional effect of Ce on the
SCR of NO with NHj at low temperature over MnO, supported by
nitric acid-modified activated carbon [J]. Research on Chemical
Intermediates, 2018, 44: 1729-1744.

Meng H, Yuan L P, Gao J J, et al. Reductive removal of gaseous
nitrous oxide by activated carbon with metal oxide catalysts [J]. RSC
Advances, 2017, 7: 10407-10414.

Shu Y, Zhang F, Wang F, et al. Catalytic reduction of NO, by
biomass-derived activated carbon supported metals [J]. Chinese
Journal of Chemical Engineering, 2018, 26: 2077-2083.

Gao FY, Tang X L, Yi H H, et al. NiO-modified coconut shell based
activated carbon pretreated with KOH for the high-efficiency
adsorption of NO at ambient temperature [J]. Industrial &
Engineering Chemistry Research, 2018, 57: 16593-16603.

Yang J, Ren S, Zhang T S, et al. Iron doped effects on active sites
formation over activated carbon supported Mn—Ce oxide catalysts
for low-temperature SCR of NO [J]. Chemical Engineering Journal,

[72]

[73]

[74]

[75]

2020, 379: 1-11.

Zuo Y R, Yi H H, Tang X L. Metal-modified active coke for
simultaneous removal of SO, and NO, from sintering flue gas [J].
Energy & Fuels, 2015, 29: 377-383.

Vega E, ValdES H. New evidence of the effect of the chemical
structure of activated carbon on the activity to promote radical
generation in an advanced oxidation process using hydrogen
peroxide [J]. Microporous and Mesoporous Materials, 2018, 259:
1-8.

Bocos E, Alfaya E, Iglesias O, et al. Application of a new sandwich
of granular activated and fiber carbon as cathode in the
electrochemical advanced oxidation treatment of pharmaceutical
effluents [J]. Separation and Purification Technology, 2015, 151:
243-250.

E IR A B A B SO TR B BB A L BB
[D]. B RIS, 2017: 48-49.

Li CJ. Mechanism study on denitration of modified activated carbon
by advanced oxidation processes [D]. Wuhan: Wuhan Textile
University, 2017: 48—49.



