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Study on the formation mechanism and proportioning
control of nitrogen oxides in sintering clinker Kkiln

Junchao Guo

Zhongzhou aluminum plant Qixian town Xiuwu County Jiaozuo, Henan, 454174, China

Abstract

Aiming at the problem of excessive NOx emission from clinker kiln in sintering alumina production, taking a 280m  rotary kiln in an
alumina plant as the research object, the NOx formation mechanism was systematically analyzed and the proportioning optimization
and emission reduction scheme was proposed. Through on-line monitoring and CFD simulation, it is determined that fuel type NOx
accounts for 65% and thermal type 28%. The low nitrogen batching system was designed to reduce the content of Fe a o a from
2.8% to 2.0%, add 1.5% caf a mineralizer, and optimize the fineness of raw meal to 65 n M. After industrial implementation, NOx
emission has been reduced from 1050mg/m 3 to 680mg/m 3 (the current environmental protection standard requires NOx emission to
be less than 100mg/m 3, and the original emission level has seriously exceeded the standard). The emission reduction rate is 35.2%,
and the annual emission reduction is 186 tons. At the same time, the stable quality of clinker is ensured, and the economic benefit is 5.23
million yuan/year.
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RSN SIR , SRR B2 R THEEE M) 2h I,

FHUREA T

F 1 BRIERE TR T NOx HEMUEHES TR

ZimXE (°C) TR [ERE ey Rt NOx /&% (mg/m?) HElAZE (kg/h) FEARSSL
1350-1380 1.05-1.10 R 850 +45 682+3.6 1245
1380-1420 1.10-1.20 R 980+ 62 78.6+5.0 2156
1420-1450 1.20-1.30 R 1150+ 78 923462 1823
1350-1380 1.15-1.25 R 920+ 52 73.8+4.2 876

2.2 BARIE NOX £ BEEMEE S

TRIERR LR NOX F=AE A R BDRIE . o { O HRIE R
RTCES T, WERZENIRESECY 1.2% ~ 1.5%,
YR 5y 28% ~ 32%. 5% F TG-FTIR B¢ FH 43 BT 8% k) % 69
FE R AIE: 300 ~ 500 °C FF Jit HCN. NH3 %% fif 9K 477,
600 ~ 900°C K ELFELAL NO, fbzh 1yl i SR e A
1E 1400°C /b ik 78%M s FIF XPS 4347725 N AR X 45
() (HEER . ealry . A ) BBHER, N1s ElREHre
SRR BEmDUENLE A E (NIslgE 398.5¢V) , FEhk
RSB REAY) (N1 IEATH 406.2¢V ) , BT
Pz /D EAHIRER 8 (N1s UE(1A 407.8eV ) 5 B Pt
A, BREFELS NOx HEBUDEIY 65%, Hrh, A5 RsE
U ER 82%, FERAMIERILHER 45%.
2.3 #11 B NOx 2 iR E 35 5 T E

X K e R AP B TR P 3 () 40 AN IR S (4T S 2
& {¥: FLIRAG615, | & i% 2% & +2°C) Al CFD & %!

CPFBERFE: Fluent19.2) FRHH, JAFE KIEEETR L

1680°C, X (>1400°C ) MIARIE O H N 32%, (EEiR
[X % Zeldovich HLEE U4 &, NOx Az pid I+ LR,
T=1400°C}, RNOx=2.8 x 10"-6(mol/(m’s) ) , T=1600°CIiI,
RNOx=4.5 x 10"-5(mol/(m3s))* . & E =i DX s 5= S it [a) Al
SPRAENE S SR, AR NOx 2975 215mg/m?
CHRHER 28% ) , B TRk eRs FEFR L1 R EE 1 1.2
RS 0.9) , AL KIS EIREZ) 60°C, /b H#IHY
NOx35%.
2.4 BERLR 5> 3% NOx 4 B BO L AE F AL EE

A= kb < 8 E ALY B fE M NOX TE i TE Fl. 18
WA TR R R (TPR) #8585 A (A il BF 40 & 19 48 571
M, 4l AI203 1E O X IE 20 19 NOx A= B I I I 46 IR
FE 4 850 °C, ifii Fe203 & 720 °C, CaO % 680 °C., £ H
TG-MS B 53 #7, BE & Fe203 & 2 M 2.8% [ 1K 4 2.0%
i NOx B it i 155 18 T B 23%, i i BE4E 5 ik 40°C. AL
FH 90 B Fe3+ / Fe2+ & B i f NH3 S 4L A= 5% NO,
2 K7 v A6 BE B 125k3 / mol T~ P& %1 85kJ / mol, 37
W R M, NOx=1250-186 x Fe203%+92 x Ca0%-
45 x A1203%+15 X Fe203 x CaO(R2=0.94 ) , AELEMI (LR
HIERTES
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% F FactSage7.3 #7501, TR 1350-1450°C A
ST E 0.02-0.04atm F51F N HEAT AT, BURIREE RN
Fe203 1 2.8% 1A% K 2.0%, Si02 H 6.2% JHH 2 6.8%,
A1203 {745 58% 4%, CaO [ 31% JA%EN 30.5%, VARG
HTAC T #5hEEE 0.95 (J5 1.05) , FRREEE Y 2.8 R AR AR
WU, SRR EM 28% JREEE] 25%,
FERSAE _EFHEE T Rl idE i (2.5-3.0Pa - s) , SEHREE
NOx M E{E 1180mg/m? [ £ 765mg/m?,  H: [ I R 11E 24
Bl {E KH=0.92+0.02, SM=2.5+0.1, IM=1.5+0.1, &
GB/T3286 #liE -

BB oy TR D R RN S0 A s 18 TE RS e 41T,
R T Fe,0,. CaF,. ALO, =ZH5 M HIEM, 455EH,
W Fe,0, 2B E 2.0% I, E4 1.5%CaF, IRINE, =]/~
A E I ERHEG R . X PR REREZEEIE: (1)
Fe,0; & EFF AR/ THALTEMEGI A (2) CaF, FUINARE
R TRARGEIRE; (3) WELEIERE NOx A£RHz)
TS AR S, TSR SRR F bre
3.2 FLFUFR MR NOx A= B B 3 1 0 R T4

TR (D50 x 1000mm ) HE L 2RHEE Y o AR
F S TEAE CaF,, MgO. K,SO, S i (b ¥l f91F . i 56 4%
P THEEEZE 10°C /min, fRERE 1450°C, R 30min.
ER TR DN 1.5%CaF, {5 i AH H BUE M 1280°CH#% ==
1230°C, il BEFA AR 50°C , NOx A= sl EHE /D 22% 0.8%MgO
{6 NOx F#AFR 15% (BE2MEETEE ; 1.0%K,S0, R AR
HIEhnsERIXS . CaF, FIVERIFIEE: {23 C,S [A] C,S #41k,
FEREERIRE s F 5 NO R AR NFy, Bl A N,;
JERR CaF,-CaO-SiO, ila SAH, MEEaER. Wie ity
Z: CaF, IR 1.5%, S SinA (AEHEE 40%. b
60%) P,

3.3 FR 4 FE 53R &) BE X Bk se I 2 A9 S M} 722

xS AR R R R M Ak, R IR R B 4y BT (X

(Malvern3000 ) #1774 BHREE 40 A Bk, B AR/ A
D50=18 wm, D90=65p.m ( J5 D50=25pm, DI0=80 . m) .

BT EEHLEE NI BB (R BD ) oy SR s iR AL S Bl: 1 68K
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65rpm $2 = % 75rpm!™. SEM Sy HT TR, KR (i Ab S Rk
IRFESA], b TR 385m/kg AN 425m/kg. #AKEIR
Bk, dnfith A RS )OSR BERE (R 35°C, BRI [RI4E T

18%, I s BREEIR IR 45°C,, 1@t CFD BEDSSATE, ZHpE
TG ENREE AN, ENERX >1500°CH) 25 A
/D 18%, KRR NOx A= BRI 15%,

& 2 NEIEH7T A NOX BHERUR X &

5% Fe,04(%) CaF,(%) IR DIO(wm)  NOx JHHER (%)  28d 58FF (MPa) TS CaO(%)
WS 2.8 0 80 0 582 0.85
HEA 2.0 0 80 18.5 57.8 0.82
JI5%B 2.0 1.5 80 28.2 58.5 0.75
JEC 2.0 1.5 65 352 58.7 0.72

3.4 Tl A=A AR EE R L5 R 5 XU T4

RE s T, =B BSiE: B ER
(2024.1 ~ 2024.2 ) FHFE(K Fe203 & 1.0%/w/ i, %)
WE K} £-CaO JZ5RAE, EEN FTEALH] (£-Ca0>1.0% 12K
mIE D) s S5 Hr By (2024.3 ~ 2024.5) , NI CaF2 F A5,
0.5%/w (#J88) , G 0.3%/w (2 &) , FFEinizs s
RSO MRS F- i =B (2024.6 ~ 2024.7) ,
VHEEAEBLAREE, MBI BN T, fShla i =2k
<5%. MG HT: FBHREIREEIE(R . BN B E FENS,
A ARG . EHERE]; BN ATEE: dEEe
ERECEL 200t, MR 24h N ATERIERCEL

4 ERMLILSE NOX BHFRIRIIE S RETRE
P

4.1 FEEEFEHT NOx HERf e 5 #iE 547

KRR %05, FIH CEMS £2%:, @82 3 4
H (2024.8—2024.10) , H&EIELIT2, 160 4. NOx HE
WAH TR, /NI {E RS NOx I B IS8 B 1050mg/m3
FAE] 680mg/m’, PN 35.2%; /NIHEBAR R 15% B
K4 0; H¥NOx 7F 650 ~ 710mg/m’ 2 [AJ{FHAANFAE .
GETT Mt R, HEWPRMEZE £ 120mg/m3 FEIRE] +65mg/
m’, AR B 11.4% FE(RE 9.6%, AR e BERS.
O FRE THS R RIFREN . BEER NOx I
B 1, 850mg/m3 L E] 1, 200mg/m’; 70% ~ 100% 171
TR B NOx W AIVE B 45%. #2517 330 KitH,
NOx JiHERES 186 i, HHsIHHar (150 1) 24%.
4.2 BEREIEFRAEREEIE M 53T L5 7

A B E AR, W ITEOERTE & 6
ANH (& 1980 1) FdE oo B Ptksairfiieia
S 28d PUEBRA 58.5+ 1.2MPa (41&R] 58.2 £ 1.5MPa) ,
3d JRE 32.8+0.9MPa ( iEiFl 32.5+ 1.1MPa) , #ELE (]
Iy, WIEE 165+ 15min, £%05E 235+ 20min; (L2ER 754
FrifE: f-CaO & £ 0.72+£0.08% ( 403t 57 0.85+0.12% )
T % % Mg00.95 +0.05%, S0,0.52+0.03%, 1% &
ZE 3k XRD 5E & 2 BT (Rietveld 5 15 ) : C,865.2+1.8%

( M 15 R 64.842.1%) , C,S13.5+1.2%, C,A82+0.6%,

C,AF9.8+0.5% ( [A [ Ik Fe20, W& H R ), /- =

1252 £28g/L, 40 FE (0.08mm 5 4% ) 3.2+ 0.3%, ¥ &
GB/T21372.,

LHERR RS IR BB e 6 A G,
ARBITSEETIRE . ENRESMEIYY, FRaiR
FERAIM +£50°ChFEE +30°C; ZEEESIRE A 1100°CHF £
1050°C, $2m T AR ENSEIEOUSEA =],
TERBRIAM 15 TR 25 K5 2BHOD gl sk S inss5)
C,S MK B RAF, Sk RTS8 fE 30-50 w m A,
ARIT IR AR, XEHEE AR RIE T NOx JfHERk
REREEE, a7 A= A R ERNES 5T
4.3 ERTU 5EEFUENEEITM

ST ARG SR A RERE M BRI 52, HLEE:
AR T HE S S 2R R R 18.5kWh/t |5 21.7kWht,
BN 3.2kWhit; XML RS A G0, FLEEHEIN 0.8kWh/
ty LA FLEERGIN 4.0kWhit, HGIIERAS 2.0 76 /t. BUEE: ek
I FEREAR 50°C, kR 3180k /kg FEIRE] 3095k)/kg, 1129
85kI/kg, FZIBRRIHE 850 I AT B IR AS 10.2 7C /to
JEURLRRAS: CaF2 #1144 2800 7T /t, MRIIE: 1.5%, HEINRA 4.2
TG /t; Fe203 SrRFEINTTZUEE AR 0.9 7T /to LZ2E5HT:
i SRR AIRAIR 12.5 76, 477 30 J5 t 1929 375 JT 70, AR
am: PEIK NOx186t 4, #%17 4000 70 /t HEy5 BiTHE, 1
2952t 74.4 TT 00 WERAEFEIRL) 73.6 U0, ATHERTRE
% 523 v/, SRR 8.5 N H .

4.4 KE\IEITIRE MR ERES KL EIY

R 3 A~ B A== #s FRLER o > 07 v i T il
B, KES 15 MEHEAS R (FORHARR . 41, IREE. &
SRS ) M HEMRAR (NOx &) M AME T4, B
L 22 P LA 5 ST A BN SR (randomforest, RF )
TR AR A s, UK AE Y R2=0.93, RMSE=28.6mg/m3,
REWSHRRAT 2 /TN NOx ZRfvita®y, MERRRTIR 91%,
RIBE RN S AP R G TR SRS e . RIEETTH 2R
TR 22 6 A% 9 AR TIMRRER S, CaF2 A&
TEE R 1.7%; 12 %2 BEERA 1.3%; BIKEYERIE 1.5%;
KHBT TG R E 2R KRS S0 CaF2 i, 42
DI EZER]E MPFR CaF2 IR . H EENELRNAS
AIFE XRF (RO HTAERHA Sy . BOCR EEELR IR A= R4
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JE T 2 50 M 25 (EAEBR F SR, e PR ERNRR( SOP )
MR T %, RSP BRI RAINE GRS dE— P i HE
15%, 2% NH3 e BBt (NH3-SCR) TE AR &
SRS ETURERD Y B REAEBENEAN TR,
][RI SR AN I D FRHE
5 45ig

IS ek i Bl 2 NOX TR LRI A48 05T,
PR T 2T RS 75 (oA SE B0 Sk s HE e 2 1 v} 2
NOx JHE 2, i Tk n FHEHS T NOx Wik 35.2% (1)
TEE, BE TR A HE AR R RS 5 . 1%
FARARDOZ K T BE NS E58Gs, i ek
FUACERM B EERHET R AME, MRS = TR
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