BIERIFE SRR

Journal of Combustion Science and Technology

[ 44 ]

2020,26(5) :383-390
DOI 10.11715/rskxjs.R202008019

FOKVET 7 55% , AL 2.6 ACHEARHERE , HHEL

KM E R BN WHERE B AT R E R

(1. HER2ERE 1R s IR AR 2 E R E S L=, dEat 100190;
2. PEBRER R TRERE, JEaT 100049)

B F: XKUY E T ZR A SA S, ST TR A B NO, HEGE R HAR R R R, B4 T
UTAEAR IR IRFZE NO, 42 B2 M AL e BT T e A K 8 BB AR B . KTt N slitp SR AR IR R
IRBEEAR, FEAFIH] CaO FAMiES CO B NO A5ME, SEBL TR RUIREMASE ;s KIEM Y B REIE SNCR Rz
LAY T CaO XA R, JRRs 1k 7RI s th TR A AR S i, O T B R
WA, SCR IAHEOARTEKIRN 25 I A TG 20t — 583 s KUK O,/CO, MABEEAR RS HEAI LA 12
AREAT R0 AT

KR Ky E; AEMY; KIgsE
FESES: X511 XEfFRE: A XERS. 1006-8740(2020) 05-0383-08

Recent Research Progress in NO, Emissions Control in Cement Kiln

Li Sen"?
(1. State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China;
2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: According to the characteristics of cement kiln process and NO, formation, the limitations of existing
control technologies of NO, emission were analyzed. Recent research progress in NO, control mechanism and the
application of high-efficiency denitrification technology were summarized. With CaO catalytic reaction fully
used, high-efficiency and low-NO, combustion is realized through coal gasification inside or outside a cement
calciner. With high-efficiency denitration of selective non catalytic reduction at the head and tail of cement
calciner, the problem of CaO inhibiting denitration is solved and ammonia escape is prevented. Due to the high-
content alkali metal in the flue gas of the cement kiln, which can easily result in the catalyst poisoning and block-
age, further improvement needs to be made on the denitration technology of selective catalytic reduction. The
0,/CO, combustion technology of cement kiln and the liquid denitration catalyst technology have great application

prospects.
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MRS TE Y HERRME (GB - 4915—2013) NO, flEjiL
5 X IR FR A (320 mg/m’) 37T 5 T Al AR
FRAE (50 mg/m®) . 2018 4ELISK, V94 R4 | T
JeiE SR KPR A NO, HEUA R T 100 mg/m® 1)
SR, HEObR T E— i B ARk R R I R H,
A5 R K PR 2 NO, HERL, & B BLRY BEk e
Tk 1 RESHE | LR PR T I 17 B

H T, 3 K & B AT T5 Y s HER AR B 2835
I FE PR ATIE KT, WA KI5 G B A 1 i 0 3 451 ),
SR, 55 1R IHE e Sl B0 P L B, 7K U8 25 0P A T 2 IR
B RV L R IR A e B INRTP R R A
VR AR E AL 2, BRI SR F R AR BRI
LI A2 A, NO, JBEBRACRIEASBRAR, JliHEIE #4K

AR SRS K IR B T 25 H B, Tk IR
P NO, AEBURERL, 25 G HEE B AR IR, 43-#r
SEK U A SRS HL R R i aT ik J , A gk e
7 NO, HERC il 47 A S v .

1 KEFEIZNBR NOEMFFR

IRV IBEE T 20 A5 B o ik o R [ B 2 W A 2 B2
BLOLE 1. 60% BREHE A SR N S s TR RO
(700 ~ 1100 C)IRA , HATTCHARRRE , I IRl B
— M FE 900 ~ 1100 °C, /KU A= K} (80% LA b 1t o3
CaCO;) WA, /3Rl N NO, A= & Tk kAL,
M H CaCO; Fl CaO JREEHE KA N 1kg/m’PL
40% (IR RHE 1 22 38 TE R ek A I EL 2Lk , Bkl
PERLIRE R 1450 °C, KIARITERE —B =T 1600 C,
iRk 1800 °C, 1 NO, A 28 T4
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Fig.1 Typical system of coal-fired cement kiln
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BRI , FLAR TR AE A R T 3 A SR R4, 3R TR A
[l % 75 Ttk A AR 9 NO,. KT Y 2 = IR AU
e N E R HLE] ok iY w TE = R (R s <, 700 ~
1000 °C) . 7K Ve 43 fit b R b2 I B2 — A 900 ~
1100 °C, 3% BH R ARF R i sl B st JoR o i 2 (T
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Fig.2 Three staged combustion modes of cement calciner
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HEALIRE (SCR) )7 1] 15787 SCR Bift A Toll.
N T B AP RS AR, SR, KU A AR
SRR, BEMERI RS, BirdEKe
RN . Har, & E = A0 TR Y, 752
AWTFLE SCR FARTE K 25 lifis TR0,

3 IKiRIFE NOJIZEFIZ ML H & R R

H T, KUl 2 Br R i /A b P il e R A
S IR LS S L. BRIAT, AR YR A SR L U R
YRR AT B S0 00 25 5 - ORI Hh sl B o R e
HEERTIE 1600 °C, M RS A DR K E RS
(£ A IR 5 TAE K U84 eh, CaCO5 Fl CaO JiT
RHRPERZN 1 kg/mP) BRESIRIE 900 ~ 1100 °C, &b
TIIGRESE, M A &SN ERAAY. B,
WFFE N BB A AR BV XK e 2 T e, IR
AMFFEH LK T b 25 B 8RR N FERL, 5 mT
W& s AR 2 ) S AU B R . R4 —
TR VAR IR NO, 5 mpL S wriay
PEE.
3.1 CaOX} COIE[R NO HIfE{L 138

IR 53 Ay LS o — A g A R g, AT
SR REE RN fE LA I, SEPK VR AR . sk ek
A3 FHIN A CaCO3—CaO + CO,. Li Z5BLfE Tt
30, CaO ATHA WAL CO iRJ5 NO, FE/K IR it
JPRLEE Y LN (900 ~ 1150 °C) HoA Ak A/ I 15 CO
W NO SR AHEE 35% ~ 40% . F Iz gpseld10)
SAHFT CaO ik CO if)5 NO b 2. £ CaO fif
B4, SHH NO Al CO 43 T ffifE CaO Fifi
TEVENRZ B , BEfG N—O fhafdtbizd , HAR AR
THEMA co iy C IR RUHfb2F 5, Tkt
A CO BEABMIMAR CO, M CaO FEHifl
B, N BZIE L Ny A CaO % imi i B (Il &
3). CaO fifbVEAMTE CO JE NO S fE£
10.84 eV [ % 2.06eV (WLF 4).
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Fig.3 Transition-state structure during NO reduction by
CO catalyzed by CaO
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Fig.4 Potential diagram of different stages in NO reduce-
tion by CO
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SNCR I A 52 A A H sl R ARE R R Tl o i Ay
) . KRR (900 ~ 1100 C) IELF
F SNCR “WREH 117 AU SRTiT4MiY N CaCO; Fl
CaO J5i f2 ¥k B AT 35 1kg/m® . CO, 1K 43 ¥ 0] 5
20% ~30% , Fhar HPIWESE T CaO TR Mk A
IRFRME CO, RN SNCR B2, BFFE LI, 5
I CaO MHLL, TR CaO MIFEAESHFE NO i
JRECR TR, R A A5 0.9 Fl 1.2 B, &
WHE CaO fEAEMIARERS R AR T 14.64% F
15.66% , iX F2H CaO #ifil NH; iR it NO, H 2 & itk
K, TR R

Li ZPWi5 %M CaO Wik K MAFAE O, Al NO
W55 2 (WL 5) , NH; 5 W IHE CaO i, 55
fb 3 NH,, NH, 5WFHE CaO F M NO S, Al i
JEL NO S~ No; ZR1 NH, 5 HE CaO R O,
N, BEAEAR R NO, THFE NH; Ml NO 5. i,
TEK IR A3R YR SNCR Wi Ay s, FE ke T s
WIE CaO XA, FI i EFRRIREE CaO FUkigy
SRR A SNCR & 35BS Y S .
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Fig.5 Mechanism of CaQ inhibiting NO reduction by NH;
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NIRRT SCR AL TG PRI BEYE FEIFE 300 ~ 400 °C
Z ], SR T KPP A, IR X ) E AR T K
ez & b &R B AR (A R s 80 ~
120 g/m*, WL 1), HAFLE K RAY A6 + 4 8 (4
CaO %), 755 AL Y v 5 A 28 2 )
ik, BRTEXKIRZE DR NO, HERL, WF & A
HAbJE RIELEBE SCR AN AR A BT #R

S 10 (AN (817 3 N | A o S R o
(MnO,) | 3 (V,05) DL K Hofth 45 J@ A Ak P 2, Ui
55 (CeO,) | BRI (FeO,) . 4l L (CuO) SEMEAL I 1Y Jy ]
b, B TR R,

G SCR JBANAE 120 ~ 300 CREEES LI, it
AR VT T B AT ) AR A A A0 500, AR I 50 NH;
B NOL B JEN N A1 HOM 7 AR 5L ft
TR PE RE B TR AL o0 LA S 3k, 250 R o
S BT | >R | AL L K 4R AR
YL, 4@ S AP fE AR H BB A 1L
FIP oS e 2 B —25. A ST B g T LAMIGIR
PR 9 s 7 T B B Al A%, sk 1 R, vl &
H, Mn SUAEAE R AGIER TS 4T, NO i .

1 RREWAF SCRIEARE

Tab.l SCR performance of low-temperature catalysts
AR GEME | TEMYER | RO | fEfRRE )/ NO ¥

/AR AA) fraki/n | BEIC [(em® s - g | 1bE%
Mn/NaY-3# 1 15.0 150 324 82.0
V,0s/C 5.0 250 69.9 79.7
Fe/C 10.0 180 20.7 97.0
Mn/C 5.3 150 46.6 73.0
v/C 2.0 180 15.0 78.6
Mn/Al,O4 11.6 150 18.9 55.0

BT, 7K VA TP ARIEAE A5 1 b T S = 5T
Tl A B B, Y HAF A fe 22 A0 ) R AR T K
ZESN SO X AL T 1 RS Mk AR K A5 i, i
HIE T Z BRI SO, MAFTEARZS 2 1 WA
Errp i, sLEBRSCR PR
3.4 7KiRE 0J/CO.1K NO. ks

0,/CO, BRBFEH AR FE TR HE U8k O A7 )1z 1y
%, MXTFIKIRZEY T, FITBE A RA G 7= K
it COy, £ KH 0,/CO, Mithe, AT R IFEARARATHE HL
A B H R B S A IR R B B, BTl R
AW EAT T /MRS KR Y 2 0./CO, ke
HARE PR O, B iR, 58 & CO,
PEI R TIR A, et B R LA BoRL™ A= il iy
0,/CO, A, 1R R = K43 5l ik A 28 3k B
ORI SRR A TIARR.

PRBEEE VR B 20% A NO, A ROR JR T34y Al
— 386 —

NO,, TiXfFKI Y, tF 5 75 miiEese , NO, 4=
R BRI L, R COL AR N, MR
A FWHERET EEEAE MR NO, AL [FE, M
0,/CO, BEBER IS THAEIR, JEFF AR NO,
1 KO S X B T i — SRR A s A, 1 A
0,/CO, #RBEF AR AT LLIFEAL 84% ~ 89% 1Y NO HE
WP e AR MR NO, HELL K CO, AR TIfE,
it H AR ARTE KR T SR b F 5256 2= i 5%
BJ/I\_E&[ZI].
3.5 WASMEAFIRRETEL™

TR ASAEAL TR B AN B AR AL A | A =R
B R AR PO S ARF I b2 AL
DAL BRI, A SOV A B R RS AR, Ay
PRMIELE T, B R EE (NOR) #F NO i JFE AL N,O JE AL
N—N ##, #k5 N,O TEMEALFIE G (NLOR) [k
T, 4REEIR AL Ny :

2NO+2H"+2e—""* > N,0+H,0 (1)
N,0+2H" +2e—"% 5N, +H,0 (2)

NOR F1 N,OR #] D) £ 1 44 52 i £k 41 7 $2
HEROHHSAE 15 ~ 400 °CHIREE VLRI, kB A s
I W2 I8 A 70 A A Ak Sz 1 R Gk B Ak PR AL
Y. DL 5000 t/d AKUEBHRA LR B, AR FH A3
BEFBRAIIEOUT , WA ML ISR AT LR AR
etE EPEHIAE 30 mg/m?, HE 10 mg/m?, PLATHCE
E5ik 99% L F (R R, SCR AR 90% ) 26,
HAl, AR AR TR 12 3.

4 KiEFPESHGRHBARHNA

Wi 25 P 5 N B SKeF 7K TR 2 I i 2 i L o AS IR R
ABIFE, W T — 238 A F KR Y 2 1) i BB 42
A, FFRAK I 25 E N .

41 KW EESHIREBREREAR
411 KIS RN PBE A ALAK RO R 3 AR B R

7R KT RER A BRA Al 2 T —FhoBr A it
ZER AR B A B AP, AR T =
TRIEAE LA . R AR IR b BT 7 A R A 2R VR AE N
AT, AKFES G AN — R i 2T AR BE R Ao fi
THEARERALE A, H5 T HEART B [ 2 UEA R &
Kk NO, Wil <R G, 78 MR = i <Ak
JPAE R COLHy . CHy S50, AT 1R BiA- R LS
S04 B AL ALY R, SEBX M TR1 A 236 ALY
NO, [ &R 5.

AN TR EEH NO, i85 W ], =
KRBT EBEEEAWEE. N TR &
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Giafy, By 1k FHEAS AL IR st i, SN
RIS 53 R TR SRR e A R ZE IR BTG o7 B |
T B G A B IR AR AL, FH LA RLEE A
Tl ZHARHRTEAE 50 AoKIREF L 153
N, PR EUTIMK A RRA R 2#4 5000 /d RHZ
AR, o AT SNCR Bi & 0.9m’’h(NO, % #%
300 mg/m?) , RHZHE ARG, Wi & FREF] 0.3m’/h
(NO, ##% 150 mg/m?) 1,

4.1.2 oW SMEAAAR FHR BB AR B )

[ B2 BE T 2E ST I T KR A T
YRS AR RIR B ALY, K VR 2 B e 3
gorh, FEAENE R AL HI BB & R AL (700 ~
1000 'C) , HAETZ S i =K K E % A KT -0 A
SR A S 5. KIBY IR AL IE 2 F %
R R IR KU A, A E R TR, ShEC R
I 10% ~ 30% FIARFE Y BT ™A T o i MR R
YRS, 2 ASNE TR, £ 5
HEASTFRI 60% BRI T34k, A BRI R
TSRS (80% ~ 90% ) HEASM A = IR _F 3
YR EREMRBSE T HARER A (10% ~20% ) #EA
IIFENT HE AR RS AE Ry B SR R . Ak
PR A SR, T AR R NO, 1A
B, RIS S AEARTE A S AR S AT G RGA JE N [l 54 2
FEFBIEA RIS KAEE NO,. AR UA
LRV 2 NO, HEBL, B 1K T HEM (4K e 45
FE SR, AT 4 T (BT E K e b 2 v 8 g .

HAET, ZEARIEE LK) 3200 vd KUl 2
i T
42 KRS HBINEEBS SNCR MMM A

RGBT, KPS DT ISR CaCOs FiI
CaO JEEWEAiL 1 kg/m’, 7E5% M SNCR JBiAgHT,
CaO il NO i J5i, i T HEIFH N R CaO X%t
SNCR LR EAN, s b Sk AT CS, 4l
A== R B B o = S 1 G R 3
800 ~ 950 “C Bl PN, BLHs s 2 B il , ¥ e 2k CaO
XF NH; JBiBR NO, my#iidl, nf &4 SNCR RS
M, FEAILIKIRT 3200 t/d FETRLIT KR 2
R TIERAS CS H M2 M)2 SNCR MEZd [, 5)2 3
Tt (LK 6). mEE M 0.4 ~0.5m’/h (=
0.25 m’/h, WAIEIK 40% , LA cR I 25% (LK
7) , WL S oy f bt ey R

[, FEAK VAR N AT, b F [l 25
TS HEA RN AT AR AR EE 1000 °C A
i, A 2% ~ 3% , R CaO ML ik, Z4b
AR SNCR MR AN, T T HEARZS [/

AR B A, RGBT Z NHs. T HEARBIE
o 1vd, C5 gl T 00 R, 1T NO,
i B IR 280 mg/m’, BLASRCRH 57.83% $2 Tt
2 66.27% , [AlI 174 240K 1.4 vd (WL 8).

6 IKiRFEFIHRE C5HO SNCREUE
Fig.6 SNCR retrofit at C5 outlet of cement kiln preheater
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Fig.7 NO, emissions after SNCR retrofit at C5 outlet
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Fig.8 NO, reduction efficiency and NH; consumption
after SNCR retrofit at C5 outlet and the lower
cone body of cement calciner
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R4 SCR Wit B ARAE R e w12 g
SR Tk ler am mm A HE & Ca0 S48
AR, A A1 T RS R 5 1) — IR AR A S
FIRZRHZ T SCR FARLEAKPA TR, [FIET,
R T E T RERRREBUR , R EKUeAE 2 R
PR HHESOREEAE 150 CA AT, XDk
AL TPk, HETEPR FaKJetrlk SCR B
TRVBERE D, HIA EAE RS 310 ~ 350 CHy 1.
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2006 4, B KA Cementeria di Monselice 7KJ8J
NI FHABAT T R R, AR E 2N V,0s, L
TiO, A Ak 751 Bl 5 A, A Ak T8 Al A <R Y R Ry
170 ~ 400 'C, NO, BEERAF AT 35 97% .

A A B AE XS H T LRI SCR BN HEA
B (WER 2) , I mi A T2 B A =Rk
FaE Siatr P R AR, R B RTK et SCR IR
fiF B e AR PR, VY& PO 8 PR OR B B mI AR 4 3

KR 2B e T 54 A, TR R BR 2R A +
SCR JBifis—AALHAR” | R B O g AT =Xk
AT, IR R BEAEE C1 B a5 GREE
300 CAA) , Ll Ui = ME iR E B2 B, oF
1T SCR Jifin. 2018 4 10 A, P& HERHE A IR
ISEITER B BKIRAERR A W 4500 vd KRR
Frgk B IR EE G EKJE SCR A R TE TR,
NO, HERE S 50 mg/m® AR, & ki /N T 3x10° 12,

2 KBHE SCREERH AL

Tab.2 Technical routes of SCR denitration for cement kiln'!

HAREL A A GiTRRIZE WEE/C | O IR B B | MU B/ (g - m™) | SO, il E/ (g - m”) H
EREL | C1 5 E SCR 280 ~ 350 ~3 100 >500 £k
R | C1 SRRy | iR HBRZY + SCR (280 ~ 350 ~3 20 ~ 40 >500 ik
PR | SRR S SCR 180 ~ 220 ~5 30 ~ 50 <50 ik
TR | REERbRA G SCR 80 ~ 130 ~ 10 0.02 ~0 REALFIZERFTT

T T SEPR AR SCRBEAY , db Bt KATRT Sk
VA B w AR T Tk S i s tRAEAL TR AR, 7
BTYE 3200vd KU LR A B ATAS bR A G
17 TR SCR HiiBepoy , ALl 6 000 ~
13 000 m*/h, MR 120 ~ 180 °C. Hrifkah LB
JIGR S 2050 A T 7 90 8 T TR L 130 C R R R R
245 30% , 150 ‘CRERSECRIR 50% , 170 ‘CHISEHL 80%
DL FIBARRC% , BEseB 100 mg/m® LhPgHEL, 40
i /NF 1071,

5 #& &

KA T KPS A NO, A R S, 4 Hr K
PRI NO, HEBHE I B AR MR B, B2 T4
KKV 75 NO, T il 52 ma bl FoHr i ek i LA K =5
KA E AR B A, 15 B DL LSS

(1) [m08 2 2k e Tl 48 AR 1 7 A i) 2 B
S, Al A A B AL 200 i R R A TR A R AR R
NO, ; K # HATBIRBErT, Fra | & R | AR i
R PR R S 2 N BN A5 A KR ) il
PN IRGERT , BN R ERIE A R CO Rk
IR, B CaO AL CO )5 NO,, fifi
1% CO &)t NO J i fig 22 TR 80% 5 HAG/K IR/ fifh
R S AME S AR E R AR, T 74 R
CaO [EAHMEAL CO 5 NO, B, BESC T =4k
JBLA , SO RZ M A A .

(2) KISEYINEHRE CaO HIFAAE, T T
SYEITN SNCR B 5 /KI5 B2 SNCR
RS H AR R, BEE T R CaO XA Y
SO, SEBL T RO, B 1k T R k.

— 388 —

(3) &%t SCR JBhAEAK IR 2 L F A, 7K
BRI AE O, S AR g % B
A, R4 SCR PR e /K IR 25 FF U N, KR 25
TR A SCR BN &) S B AL 1 v B2 i 26
A, AR SCR HHABEAS , ZKZESHF SO, Xt
AR TE AR R T i AR K S I, AL R TG 25 ) R
i, KPR ALHHS, SCRBEA T 2 ik 58 3.

(4) JKIEY E: Oo/COL FRBEH AR SMEALT
S AR ELA A SCR, T R, AR
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