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ABSTRACT Nitrogen oxides (NO,) are the primary air pollutant in China. The iron and steel industries have become the primary
industrial sources of NO, emissions in China. The NO, emissions from iron and steel industries account for 27.3% of all industrial NO,
emissions from sources nationwide, surpassing thermal power generation and cement manufacturing. Over the past ten years, China’s
iron and steel industry has achieved tremendous results in flue gas desulfurization, but a huge gap in denitrogenate (deNOx) still remains.
In 2019, the Ministry of Ecology and Environment and other departments jointly issued “Opinions on Promoting the Implementation of
Ultra-low Emission in the Iron and Steel Industry”, which promoted the retrofitting of ultra-low emission in the iron and steel industry.
Sintering, pelleting, coking, and other processes are the focus of retrofitting for NO, emissions. Because their low-temperature flue gas
contains several contaminants that differ from the flue gas of thermal power plants, they cannot completely copy the existing deNOx
technology for the coal-fired boiler flue gas of thermal power plants. At present, selective catalytic reduction (SCR), activated carbon
(AC) adsorption catalysis, ozone (O3) oxidation and absorption, and other technologies are used in sintering, pelleting, and coking
processes. These technologies have achieved good results. Herein, we investigated the existing flue gas deNOx technologies for

sintering, pelleting, and coking processes in iron and steel industries and analyzed the advantages and disadvantages of SCR technology,
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AC adsorption catalysis, and O3 oxidation and absorption technologies. The SCR technology has high efficiency and reliable
performance, but the operation process requires heating of the flue gas, which uses large amounts of blast furnace gas or coking oven
gas, and the service life of the catalyst is typically approximately three years. The waste SCR catalysts are recognized as HW50
hazardous waste. AC adsorption catalytic technology can simultaneously desulfurize and deNOx; its operating temperature is low
without flue gas reheating. The by-product of H,SO, can be utilized, and the waste AC produced can be directly used for sintering or
coking, while its deNOx efficiency is low. O; oxidation and absorption technologies have a low initial investment cost and require little
floor space. However, their operating cost is relatively high, and the coabsorption of NO, and SO, makes the desulfurization ash mixed
with nitrate, which increases the difficulty of comprehensive utilization. Finally, we analyzed the application possibilities of SCR and

other technologies, providing a reference for the development and selection of deNOx technologies for flue gas from the iron and steel

industry.

KEY WORDS nitrogen oxides; iron and steel industry; ultra-low emission; selective catalytic reduction; activated carbon; ozone
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Table 1 Ultra-low emissions of NO, for the iron and steel industry in China
Limit of NO, emission for production processes (specific equipment)/(mg-m)
Implemented L .. L
region Smter%ng/pelletlzmg Blast fumace Steel-smelting (lime  Steel rolling (heat ~ Coking (coke oven Criterion number
(sintering head/pellet ironmaking and dolomite kiln)  treatment furnace) chimney)
firing machine) (hot blast stove) y

GB 28662—2012,

Nation 500, 300 350, 240, GB 28663—2012,
300 (new project) 300 (new project) 200 (new project) GB 28664—2012,

GB 16717—2012

Nation 50 200 200 150 (2019) No.35

Shanxi 50 200 200 200 DB14/2249—2020
Tianjin 50 200 150 200 150 DB12/1120—2022
. DB13/2169—2018,
Hebei 50 150 150 150 130 DB13/2863—2018
100 (key area), DB37/990—2019,
Shandong >0 150 150 150 (general area) DB37/2376—2019
Henan 50 150 150 100 DBA1/1954—2020,

DB41/1955—2020
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Table 2 Design parameters of catalysts for Shanxi Wulin Coal Coke Co., Ltd.

Thermal expansion

Catalyst’s type Hole density

Compressive

Size of catalyst/ Density/

Pitch/mm

coefficient/°C" strength/MPa (mmxmmxmm) (kg'm™)
ieri Axial = 15;
Cordierite honeycomb 6 1 1o ver inch <1.6¥10°° e 150x150 x125 25 600-700
ceramic coating radial = 2
Operating 3 Gaseous hourly space  Designed
Components temperature/C Amount of catalysts/m Arrangement Catalyst layers velocity/h ! life/h
V205~ WOy/TiOy 250-350 30.38 6060 units per 3+1 60007000 24000

Cordierite

layer
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Fig.1 Purification process of activated carbon from sintered flue gas®!
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Fig.2  Composition of running cost of reverse-flow carbon selective
catalytic reduction system™
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Table 3 Consumption of activated carbon and others*”

Project Annual consumption Convert coefficient Convert to standard coal/GJ
Activated carbon 701t 29.3 MJkg! 20529
Electric energy 1594x10* kW-h 3.6 MJI'kW-h™ 57399
NH; 1251t 11.7 MJ'kg™! 14662
Coke oven gas 455x10* m’ 16.7MJ'm™ 76176
Compressed air 1226x10* m* 1.0MJ'm™ 12249
N, 701x10* m* 11.7MJ'm™ 82157
steam 26280t 3.8 MJkg 99023
water 10512 t 42 MJkg™ 44044
Total 406250

400 °C fFML I SOy, I INHiIE A (NH,),SO45.

ERIEHIER 2 5 450 m> R4S AL R I T G PE AR
BRI T A, M0 H R 108x10° m* h ' (AR ) , JH<,
IRIE 12545 °C, A1 NO, i ¥ £ <310 mg'm ™, &
T Mk B W BRE G B A N NH 38 JEBE RS S O
NO,<200 mg'm*, SO,<100 mg'm”, f# W SO, A F
il £ 98% 1) Hy,SO, P YL#AE LT X L 40 7 T 5 ik
B2 VA T R A P IR BB A T8, o 7.63 m £
PR PG R A A B AR, TRE4R ¥ 29 6050 T
JG, WAL A& 3.0x10° mPh!, WA B AT AR
FE A PR VR IS ol 4.37 JC, B P24 SO, R H
S K WM ) AR R B s 6 m B IR R TE 45 1 e 4 )
2R FH T 1 306 T A+ Pl 25 48 24 52 5 DR A I s B 2
—RAL AR, T RERE W24 3539 J5 o, # i1k B A
Ao 1.6x10° m™h!, W £ 42 17 B 5 ik 28.05 UC,
L i PR O U T O A T 2R AT AT, LA
S FE N 2.38%10* m¥h!, $7 A MR A 9.36 IC,
(R b T AR N . TR R R 2R FAIG.

ST, AC LB RS LA AT R R A 2 SO, .
NO,.. ¥yay, ZWEH A Z s Je by, A i aes
1 B HySO, A N 1 & S5 R, K% AC W]
FHF sl | ek . Me A28 T 00 JFERE, (E A 5L
AT RAR, 7] 58 A0l AR AR L AN RS Y
(1) NO, B AR HE AL 75 =K, XF Fhedh . Bk T )7 75w
FLARAE BT
24 RESUHERBEIEAR

O; A AL Al & R O3 ¥ M < b NO E Ak
IR PE R 1 NO,. NO3 Fll N,Os 55, #1755 SO, £
UG8 e 5 i e R R A B B, S ) [] B SE
19 H BB 05 78 200 °C B 1 s P2 28 55 35 40%,
kB v FLR R, O SRS IR B2 24K F 200 C,

—MAE 100 ~ 150 °C, IZFFPEAR 4 Hh 3 W 74N 8k T
M AR IR A5 A A B 7 SR P 05 38 i 90% LA I
fi S8 TE = R IR 25 T e A AR B, PR 46 40T O,
il & i O; EALBLAY T A M EE A, B3 BRT
O3 48 AW 5 B 1 P82 Mg 530 ot ) e i ) R B0
K O; 1 EZHAE A, £ EALFE NO A4k NO,.
NO; Fll N,O5 S I it 1% A1 11 S0 fiF§ Pk A 25 5 19 Sk
%[40]‘

The flue gas I E: O; escape
RS a N
?fll/ff'a » N,0.=NO,+NO,
, % P 2NO,=2NO,+0,
??: 5 ;/.L_'_'_'_'_'_'_'_'_'_‘T":_'_'_'_'_'_'_Z'_'_'_'_'_}_E'_'_'_'_'.'_',
7 EEEEAN NO,+0,=NO+0,
i I NO,+NO,=N,0,
vl B
f; Reaction ; S
7 tube 2NO,+0,=N,0,+0, |
l‘? g E':,-',',',','::,',',_,',_",":_,',"',':',',',_',',':,',","\‘\
?’ Ml | sortossopto, N\
] /]
Z 7 NO;+0,-NO;+0, /]
T T TS S --/
I | Other O, consumption in tower |
—  A: O, consumption corresponding to NO, |
S —————— — Spraying
— B: O, consumption corresponding to N,O
! 3 p P g 2Us \t(iV_V:CL,

B3 O; EALEHRIMI T 200 O THAESM i n BRI
Fig.3 O; consumption distribution schematic diagram for Oz oxidation

combined with absorption™*”

Yamamoto %51 X It #5410 L-min™" A4 F LI
ST T O3 S Ak R s 58 A5 06 i 1) 5 395 A 5, SR
LB TR A 05, 24 O3 AR 2.2 mgrmin™ i,
AL B NO A B 43 B 100x10°° 48 1k [ & 24x10°°,
B J5 7 NaOH 5 ¥ Hh IR SO, I 5 NO, J b A= %
N, £ NaSO,.

SO, +2NaOH — Na,SO3 + H,0 ¢D)
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2NO; +4NarSO3 — Ny +4Nap SOy 2

Mok F1 Lee™ & H 05 &AL K NO & 1k~ NO,,
I8 3T NapS i 5O NO, i J5 A N, [R] B il e id
Ji SO,, 52 B Bl J58 A7 8 i, EL 58 il 20 53 0 A 5K
FAl 4y B3k 3 95% F 100%. A% B ik 25 430 15 K g
ZEHLXALH 5] H 30000 m>h' (BRI ) B M (24
140 °C) 3 A T O5 Ak il A &, IES I 3%
B A AR ) B 00 S0 D O XA R, Oy Fl I K
Bl NO ) U v £ 1 386 T 388 K, B NO F- 2448 4k g
FERRAG, Wa0m O #A & F AR A AT NO 1Ak, 15
SxFEAIK O FIH R, PG AE SEBR TR v W 25 5 18
HETFE Bn A A B

JE B9 R 5 9 A PR S ] 265 m? ke 4 HL R
“ O3 AL+ A TIL T LA B A, 1 il o O3 i
A HoAth 48 AR TR O G SR A, e s A8 e 2 A R A
WA . B, SEE TR HE R, B AR R
Yy v G TR S RS TR 5 L 91 B T, R AR A M T K
Ve . il 0% 55 @A AT . Mg I AN ek 355 180 m® 4%
Z5HLT 2017 AR 2 B TN T O 118 21 S A6 W i B 7]
56 A7 8 i A i, 38 5 O5 & AR A il A O ME A A E
5 MAIRA, K4 KH 4> NO E AL s #E A
EA RS, ] SO, F1 NO, $4) AT 4 B P 45 L 17 i
FIW LR, S BE NO, BT it ¥ B H 250 ~ 300 mg'm™
(B ), B 22 80 mgrm (AR ), B4 1 it of b 7 F1
AL 15 mx13 m, W34 AR < g Ak A 4.4 o).

B B UL A3 BT T AN R 300 mP AR S5 AL Oy
A Ak B3 ] R A 8 A 2 A, LA A 4 3R 1 92 e A A
h— RO, w0 KRN, JE w5
G M AL W L R 2R, AR O 120%10° mPh!
(bR ), TREE 24 140 °C, 4 05 BAL G 2 — G ik
H 1T 35 3] NO,<30 mg'm™, SO,<20 mg'm°, Jiii # F
PR AR, LA R A TR S VS W TR s
TRBL, FERELE 1L FE AT SN N, AR B AR PR 22 iz 17
WA A AT 126 0. KA E 15 320 m?
P gEHL (I W& 135%10° m*>h (ARl ) ) F1 2 &
208 m?® % 45 HL (KR A i 85%10% m* h' (F5id ) ) 43
SR T O5 416 B0 S04k W2 Wi I ] 50 it B i -+ 4%
Bk 227 FI“ SCR Mt A+ 2 I B HB L BR 2R T2,
NO, HE BT 2 v B2 35 7] 42 3 2] 30 mgrm > (FR ) ,
fH SCR T. Z 7E i 17 2 A 7= A5 &l 7= I8 72 9, i
O3 M E AL T2 7= A i IR 45 | IV fiFd iR 45 4% Il 7=
Yy, It 5B iR A — R, Ab R —
5 75 NO, i bR AR 71T, SCR T 25 Al il AR 4 &
Wi A 6.87 JT, 1M O 11F 3 & AL W i T 25 hy B Wi 47

8.24 Jo17,

Zr b, FEHORIE WM, B — ) O3 EAL A
RESE LAY, AT 5k T AR T 2 A4
A S B TR R B A A, TR O5 AR TR AR, mTaE
T2 AT M AR IR A AN s R A bRl 48 A e 4%
BT A, AH R 4l SR O AR P2 BB AE i, HLis 17 A
B TE R P 5 T, A ROOR B Y R 5
T T2 B B IR R TR A, {45 B A R ™ W 25 R H
B SR, Oy ST B8R ko Tk % 1 R
NH; 75 4%, (H R B30 T O3 k3% il AU .

3 WERTARSBAEKR AT K aT=5

2016 ~ 2021 4, & B A= 86 /& M\ 7.01 2 i 1
1K % 8.69 2.1, K™ 12 M\ 8.08 {Z i3 1 2 10.35
fenfi, Baskmg-mm KMEZR. “ T 1"
[i], 3% A A6 P A T e B, R4 R
A ZE AN Tl (LG MRk . R L AN S8 i T K gk
B AR 42519 SO, HER i 2011 4F 1Y 251.4 7
M R [ 2= 2015 4 #8 173.6 J7 i, 1 NO, HE 5 & 0
H 2011 4F 9 95.1 J7 Wl b A2 2015 4E 19 1043 J7
Wi, = ], F R 4 v MR R A T
A 1% SO, 1 NO,, HEJBC & 4351 H 2016 411 104.6 J1
Wi A1 136.0 J7 W [ 25 2020 4 /) 41.5 J7 W AT 92.9 7
i, 43591 F [ 60.3% F131.7%. 7] UL, 2011 ~ 2021 4F
li1], 3 FE 0k Tl 0 <3 B R 5 2 A, 1 NO, HE
A B AKX BN AR R (2015 A E AR S R
BRSO B, B0 4 JE 1 Bk B R A T Tl 4
HIEA R BB 18572 &, Hovb, BEA . Al A BR
RS B 1174 & | 63 B 16337 &, B Al %
it B E AR T B . RIS A O F L+
T A s S TR 2L 1765 5 (IR IR
F 136 F) BB L MRS, #E 2015 4F)iK, K
] 2 2 JOR At A2 il 1) R AR e A5 WL IRT R A 13.8 T F
K, B HIR 88%. — MM T, He 7 At 142 it 11 e
25 BLES A R FE A5 8 18t , T L R SRR 45 AL
JIit A 15 it R AAAE Rk 1

H 2019 FAESHEE IR A M T O T HE ik 5t
FARRAT M BB AR HE R B 2 LY LUK, B AT 1E K )
eI B ARHE A ks, B AT E 58 Rl IE 7R 3L 6.6 12
I 7= B A 68 A% HE i el , 32 2R A SCR AR |
AC T AL E AR TN O; B AL PR [R] R W H R 55, 3 4
RYEEE 29 WX BT T 3 i R B 08 45 %
SVATIT S SCR H AR B WLAS 8% L e,
B R G 0) AB A BUAS &7, 38 47 2o 2 38 75 X A0
o B R R, HLE AR R AR —
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Table 4 Advantages and disadvantages of deNOx technology for the iron and steel industry

DeNOx NO,

DeNOx Technologies temperature/ C  removal/%

Typical routes

Advantages Disadvantages

Wet/semidry

High NO, removal efficiency;

High facilities and catalyst replacement cost;

SCR technology .. 200-300 =80 ‘ - high cost for flue gas heating;

desulfurization + SCR high stability. produce hazardous waste.
AC adsorption and AC integrated Rem(;i\;?llu(l)tirslg)zuz?q NOx Low NO, removal efficiency;

TP £ 120-150 250 s Y High cost of running and AC replacement;
catalysis technology utilization of by-products; N Lo
potential risk of AC ignition.
easy to use of waste AC.
o . O; oxidation + Low facilities cost; Relative high running cost;
05 oxidation with wet/semidry 90-150 =70 low floor space; potential risk of O escape;

absorption desulfurization

high stability. bad for utilization of desulfurization slag.

3AEZE A, WK G M HWS0 1618 % 415 AC W [
A AR AT (] psf B A o A, e A7 Ui BE I, JE R MR
R, H 7R HySO, A — Ml 7™ A K
AC W] 2 FH T be 25 sl Mk 4 55, (R IR 280 % 11K
X F NO, Hi F1 e BE 5 ML AS R 58 416 2 A HE
R 3K 5 Oy 28 Ak B[R] W2 Wi 52 AR ) 38 45 B¢ AR I
o7 b TR, AH S AT A AR 3y, HL B[R] I
it AR K PR SRR R, BN T ILZRG I HIME

FH 5% 46 140 S AT 2 3 SCR H AR TF 38 45 1l A9 4k
Tk s T F AR, & L 70%. LUK
e R ], e g MLE TR AR 29 R 7500 m?, H: AR ]
BCAPLR ) SCR B A i il 1 FL 24 2k 6000 m?, SCR £
APPSR HRIEL 80%. BARSGLIT, 2021 4 A W13
BRI R 56.60%, W) AE 77 8.69 4. A: 4 % /b
Bedh BRI B 15.35 A2 (BR A8k S L e pe g o
2 7%), 2021 SEERAH 7= 5k 1.42 A2, W BE 2
W20 13.93 /20 422 70% By edh . Bk AR H
SCR AR, £ 77 1 Wb 28 5 FER A 7 A5 (14 4
S5 2R 4000 ~ 6000 m® A1 3000 ~ 4000 m®, fi
AN FR 25 30 2 4000 h ' (FH 24 T 20 FLAEAL
I 7 8.9 m-h™!), M) SCR A fil 1 Ak 71 75 5K HoKs
AL 13,1 07 50 05 R W B R S R B Bk,
2019 ~ 2021 4F, & 6 4= 4F £ o = & A0 Y, 0 4.64 ~
47140, T I MR A e iR L AR RS
At R R H B S5 B 2019 AR AR IR A HE R
k1 5600 1257 77 K e A7, TRVRE LA R 45 18 4000 b
T, D0V RE o H SRS e A 0 5 SR R AE 1.7 J7 S 5ok
Zefi. SCR RT3 4 447 B i L A A AL 750, el 1t
AL, 3 9 4 Tl R B AR B K E
KT a5 K, 2 WLAE A AR 0 AR R AR R A R
U Y T

L IR L T B A SR AR SR SCR AR R
[F], 42k Tl KR < AR T AC W B A £k AT O 2]

e I3 17 W8 Wi 452 i 78 B AR A % 3, X 4 R
RN AT G AR O, AR il 2
A o5 AR B RS RSE, A T L
iR RO TR N 875 A SRS < NS
AC W B AL O 48T Bip ] W% Wi 452 357 280 452 AR 76
BRI A5 TR 32 ) R, 28 0 I Ak 22 Al i R

Sk, B AR AR v AT e, R A9 2 3 24 8k
Ailk i 32

4 #HiE

AR SCAF AR R Tl B A HE Y B8 T R, B
BT PR A5 Ml A T R AR AR HE O o, B
TR Tl bess . Bk BESTEE T FHREA
SR8 4 A W FH 2E R, IR 40 7 T SCR 4% AR 1 1
K i s, FEEERUT:

(1) SCR HE A 2 YT d5e A B L o 1 <
S B A, AR B Tk — MR F S A 1.2, #E
B bR AR E — Bk 60 ~ 110 C, #IHFER
RTINS THRE E 200 °C LI A REW LA
6 A A R T R, L A A R R R S N
HWS50 fa 6 549, 75 28 i 2 A& fG o IR ) 42 BV AT Y
PN AT AR HE.

(2) AC I B AL B A B B I #E 5 SCR 4R
AHI], FITE 120 ~ 150 °C AfIRIE T BhRIELER SO,. NO,.
TR H AR M2 TG R Y, B B AR
1= B W) HySO, AT H AR 2 AC & Ab 3145 4y
Pk, (BB A 8 AN, B TR NO, Y B SRS
o AT 2

(3) O3 S0 AR A 5L AT, 35 7 4 2 Tl A IR A
SR, (A — 1) O A AL A RSB AY, AT S
TR NI Sl ey 1 N Y i E e v/ N i R
fil5. O3 A ARSI B 1) i 2 5 15 158 I e ) 6 TR
RS, AR R Y LR A R T S 5 2%, HIF
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I T I O 3 3% 1% JXURS:

(4) SCR £ AR IE & 2 A 89 8k Tolk I is T 5

B BB AR, & I 70%, DL As AN 2k Tl i
Bl Ak 39 75 R Bl 14.8 JT 37 ok, H— i) 3 4F
A A T A, TR O IS A A R0 B R AR B K
ERpmigmsk. [k, AC WL FI O, %4k B
I W8 WA 56 3 6 5 AR A 9 gk T oM 45 40k A7 1 5 bR
FEREAT 2 5 22 R Al 1 S
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