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Reaction behavior and removal rule of chlorine during iron ore sintering
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TANG Leyun', HE Xiangning’
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2. School of Minerals Processing and Bioengineering , Central South University , Changsha 410083, Hunan , China)

Abstract: In order to find out the flow direction, phase transformation rule and removal characteristics of Cl element
in the sintering process, the removal behavior and influencing factors of Cl element in the sintering process are
revealed through theoretical research and combined with sintering cup experiments. The research results show that: The
Cl element in the mixture is mainly brought in by the iron-bearing dust, accounting for 84. 93% ; the removal rate of Cl
element is as high as 89.99% , and the coke ratio and alkalinity have a greater impact on the removal rate of Cl
element,and the Cl removal rate increases with the increase of coke ratio and decreases with the increase of
alkalinity. Cl elements are mainly enriched in dust removal ash and exhaust particulate matter after removal , of which

78.24% of Cl elements enter the head ash; the enrichment of Cl elements in the head ash and exhaust air sol particles

is more obvious,and it is mainly in the form of metal chlorides.
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Table 1 Matching schemes of different iron-bearing materials and chemical composition of raw materials %
Wikl 44 FR fic 1 TFe Sio, Ca0 MgO Al, O, K Na Cl pedi
R 62.79 59.94 4.48 0.30 0.47 2.13 0. 046 0.030 0.002 5.75
RS kaie  18.88 53.83 4.80 7.29 1.38 2.08 0. 340 0. 141 0. 148 8.50
AT R 0 40.59  6.30 5.31 1.31 2.98  1.540  0.370  0.549  20.49
R4 0.99 0. 60 0.83 53.90 1.57 0.52 0. 062 0. 008 0. 003 42.73
Hof 8.05 0. 40 0.70 34.29 18. 80 0.34 0.024 0.023 0.012 45.85
H AR 4.38 0.20 3.90 79.62 1.28 0.99 0. 100 0.012 0. 003 14.18
R 3.62 2.32 6.20 0.90 0.20 4.34 0.172 0.138 0.058 83.20

HEFRIK 1.36 0 0 0.01 0 0 0.011 0.013  0.022 0

AR 100.00  47.93 4.18 8.38 2.15 1. 96 0. 107 0.053 0.033 12.96
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%, ik 84.93% ; YR KRRL . IRAW . TEA
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1.2 ®WARAZE
1.2.1 CluEaHrsix

ARSCRAE AR i E B UE T B N BN gk

PR IK - HLRIKEE) LA S AR SR )
Fefhe IRSTRE. A5, HL IR 2D K S5 [E AR i
SRR 10 kg, HAM 3 EHCT kg HE R ILIS 2L
I3

Fean Cl TR Bt 70 BOR B 1 (i ik
( Ton Chromatograph, I1C) #4743 #7 %[12—13] ;



2022 455 4 )

JAzAE, S5 B hedl i B S SONA T A BB 3

KM XRD Skt th &R B9WAH. Cl TR TE
PG R B ERR AR LA Ok

My = 1 = ( Cpmg X My ) /( Copgy X
M n) (D
APy N HTC R AE B GE E FR rh oY B BR AL
% Cpy W ICE ARG P Y BT & 5
B, % Cypp HHITERTER G R 0y T 5
B To; Myyy N RFEWI R BEEE 0 B &, 6
My o HRAEHIRNR AR S, to

HMHERURLY) R T WY B s 208y 20 43 Y
BT REE . W T RORYY, (R RE N T4 2
— SEH TR PR A AR A b A SR A B o
FRIERAETG 5 14 JoT o 22 1153 WS 4 21 i) s 4
i S W o A A L AR - BB ( SEM-EDS)
O ATT UKL W) ) TE SR AR AIE Ak 22 e R 4 . Cl oo
RAEBRA AR Py b (8 4 LA FH DA 5k
EE

1 =B/« (2)
K @ HICRTEBR A R BWOR Y h 1 & 2 L
o NICRTEIR VB B BT 2 5380, %5 B WILHR
TR RSB v 4 BT 1 5388, % o
1.2.2 JREFRIKIE T %

AR RSE R @180 mm x 700 mm (= i
A[PEE 1 000 mm) FYBELE MBS, 72, K
JE BE A 700 mm, i R AR ST Rk R
M, RUKSEE RUKIRBE (1050 £50) C, A
KBFE] R 1.5 ming AFUEIEEE A 900 C L |, fi
HEEFEI 1 ming SR GUER 5 kPa, gk SEHE
J&, WATHIXUG R 10 kPa SEATRESS, K F] S
GELS BRI S kPa, ¥ 413 min J5
PEATIHVEL . PSS AT, KM R A th R )2
IR S R, BEEELA K 140 mm, &
S0 IR, R 5 B K B A5 5 IBURE A T
AE TR E

2 ZRSihe

2.1 g iE Cl WTE

R RAE YT ) B4 8 205 £ 7 DR - i e 45 W)
Kb CLOCR M 80 A CLooR ke
VA, WNER 2 Frn. SSE B REALE, 2

ALY Cl oo RPN 1 fras. k2. &1
APl BegEid AR 10, 01% 1 CL AR BE FE RS 455
s fEbediid B BER Y Cl TR T2 kA 24
Fhp b KRRz b, ALk K CL O B oy
B, o 78.24%; HLEKT Cl TR
BN 9.97%; Hezs Bk Cl LR i 04
B, H1.78% .

®2 PWFRELE O TREEH(ZRE tIRET )

Table 2 Chlorine element balance in sintering

process( per ton sinter)

Cl
, g/ 5 o A —
WH o A% Ak? '5% R S
DR Y% %
WA AR 1154.44 100.00 0.035 100.00

s 1 000.00 86.62 0.003 10.01
HLE K 16. 08 1.39 0.003 9.97

Y HLESLIR 1.77 0.15 0.027 78.24
HEzZs Wik 0.02 0.00 0.001 1.78
Y 136.57 11.84  — —
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Fig. 1 Balance of chlorine element in sintering process
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Fig. 2 XRD pattern of crystalline substance from different materials
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Fig. 3 Influence factors of the removal rate of chlorine element

WA B ok, A AAEAERT, B
SIBITTES HZ A B BN E Y, &5
Bt 5 SRR

C1 (14 J58 5% 5 b i 58 P 2 o T PRI, 24
M1.0 FHEsE 2.5 1, Cl R R M 91. 90% %
# 86.23% o X SEH IR A RIIRE TR, CaO
BBt L, pegid A HCL, Cl, %4
PeER) CaO . Ca( OH) , Wi, fdifs Cl TR M
BRoRTF B ORI B vy 0 BR A e i S L
Cl f R R TC I A8k, e 48 i B 7K o

R TIRAMSE CL IR AERLZ BT i
BB AR, FERe 2 AR ol e gl BHZ 11
I3 R5 J2(0 ~ 140, 140 ~280. 280 ~420. 420 ~
560, 560 ~680 mm) , WF5Y Cl TCEIEA R & R
RHZ TR S SR B R A AR 4k, g5 R anE
4 frm. M 4 ATHL, Cl T2 R fE b s k2
ERE . X ATRR SR th T RREE R LA B Bk R
JEAK, ClouZE MR IEA B B s, A2 m
BEARET, ClocR BB, mkZE i
RBFAR, B SA/MEE R . Cl TR
(I B Fe e be s L2 rh N Bk B d o, TR A AT
RESEERNZ R, o T & BUE RN 52

MR T R AR CLOTER MBEER IR, A
MAE TR YR Z . MERERY, H
TR AR AR Y S A BE AL 1) e 4R
JZ T ERAE A 1 A P2 BB R E AR T
FRTEZM TS, FrLAUBER AT e SR
7 CLTEBEANBRETRLZ A B BR R AR A K

1=l 2—Cl B /34

B4 ClRREARBEFHRESSHRBRRE

Fig. 4 Mass fraction and removal rate of chlorine
element at different bed height in sinter
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Fig. 5 Particle size distribution of head ESP dusts
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Fig. 8 SEM-EDS mapping of particles

34 ik

(1) BAEHE Cl TR FEHRINA TR
P A, ikl 84.93% . Best b FEr 10.01%
(1) Cl TR IR h o AR i R iR
(1) Cl TR EZ ARSIk b KRy z i,
Bk K Cl JC & ot & 7 B, A 78.24%
BUR KA HE 2 B0k ) v 9 CL JT 2 i o 4 A0
L R 9.97% . 1.78% .

(2) CluEAERE ok 2L 4 8 Ak
¥I(KCl, NaCl, CaCl,. CuCl,) 2K SFEA4E, 1F
JER = Y EE L4 R AP ( KCL, NaCl) 4§
WAL

(3) FERBCLL . BEEXT C1 IR MR 5
MR, CL T2 A IO o e bl 2 6 0 T bE 2 o5 1
T, BEE R SRR SRR
BC X Cl B BR RS2 AN, SRR AR
7K Cl TR B ER AR B A5 RLZ T ik
Ffk, #90.92%

(4) BRAX AR s Bk b C1 oo E 1)
EENGEONV R, 8L A WU kL
W/ F R Cl T ZR 7R S PU H 37 KA e i

BRI EAE LA 118734, 1152.31, HF

LB Jm A AL A

B2 3k

(1] BRIERR RBesE, 2205 ¢ m b e B kiR TR
FeAb R [J]. PREE T ,2021,39(4) : 86 -91.
CHENG Zhenglin, ZHU Xiaohua, LI Pengfei. The source, mi—
gration , transformation and influence of chlorine in blast fur—
nace production [J]. Environmental Engineering, 2021,
39(4) :86 -91.

2] Wttt T AT S BRI T B ey
FEARAL B HHE B K F [J/0L] . 3R B R4, 2022: 1 - 11
[2022 02 -08]. https: //kns. cnki. net/kems/detail / detail.
aspx? dbcode = CAPJ&dbname = CAPJLAST& filename = HJKZ
2022011900H&uniplatform = NZKPT&v = MFtDsO9HUdA7tI7
YhCNIIUy2hAXeJrfDHIZgfToFYFeJdCmuSDenJvR712UVaz85.
YANG Yanyan, XIE Danping, FU Jianping, et al. Pollution
characteristics and emission factors of PCDD/Fs from iron and
steel industry [J/OL ] . Environmental Science, 2022: 1 — 11
[2022 - 02 - 08 ] . https: / /kns. cnki. net/kems/detail / detail.
aspx? dbcode = CAPJ&dbname = CAPJLAST&filename = HJKZ
2022011900H&uniplatform = NZKPT&v = MFtDsO9HUdA7tI7
YhCNIIUy2hAXeJrfDHIZgfToFYFeJdCmuS DenJvR7r2UVaz85.

(3] &, EZW, RN el RIFEM A =it B B35
Yol E AR RO (1], $8J54R ,2020,26( 4) : 31 -
33.



& BT H4W

TIAN Meng, CAO Yantao, SONG Jinxuan. Control technology
and emission status of dioxindike pollutants in sintering and
steelmaking [J]. Wide and Heavy Plate,2020,26 (4):31 -
33.

XM T Ie 6, S0, A6 e B U T o R T B B
I ()], 1R4:8h71,2018(9) : 13 - 16;21.

DENG Bin, LUO Xiaozhong, PENG Bo, et al. Analysis of cor—
rosion in blast furnace gas pipes and anticorrosion measures
[J]. Metallurgical Power,2018(9) : 13 - 16;21.

BUEKENS A, STIEGLITZ L, HELL K, et al. Dioxins from
thermal and metallurgical processes: recent studies for the iron
and steel industry [J]. Chemosphere,2001,42(5 —7) : 729 —
735.

BUEAE . kA e RS HER AR (] v AT
2018,38(2) : 179 - 181.

JIA Jianting. Discussion on dioxin reduction technology in iron
and steel production [J] . Shanxi Chemical Industry, 2018,
38(2):179 - 181.

WANG T, ANDERSON D R, THOMPSON D, et al. Studies
into the formation of dioxins in the sintering process used in
the iron and steel industry [J]. Chemosphere, 2003 ,51(7) :
585 - 594.

XUt XU AN, 55 . Bk A RSl T B
ARG [C] 17 B R R 2 22 2021 4EFL 2 HOARAE 22
PG TR ARAQHT S D > 258 SCER (M) - KT P
PGB R B TR 43 ,2021: 451 - 454,

LIU Jingjing, LIU Yi,LI Jianping, et al. Analysis of dioxin re—
duction technologiesin iron ore sintering process [C ] // Annual
meeting of Science and Technology of Chinese Environmental
Science Society in 2021: Proceedings of Environmental Engi-
neering Technology Innovation and Application Sub-Confer—
ence( 4) . Tianjin: Environmental Engineering Branch of Chi-
nese Environmental Science Society,2021:451 —454.

IROAS . RSN Bk AR 7 o B IR A AL 3 R A o A 5

[10]

[11]

(15]

(16]

(17]

[D]. HLM: HVLK2,2018.

XU Shuaixi. Study on mechanism of PCDD/Fs formation and
inhibition during steel manufacture process [ D ]. Hangzhou:

Zhejiang University ,2018.

BT, R TR ROKSE AR R T R AT E
SEAGFRFST [T, BeZsERAT,2013,38(3) : 9 - 11; 15.

HU Binsheng, YU Sanyou, GUI Yongliang, et al. Study on
chlorine balance in sintering process of Tangsteel [J]. Sinte—
ring and Pelletizing,2013,38(3) : 9 - 11; 15.

SR AR AR SF L R B e s H R A K A
FEEARHT 7 101234766 A [P]. 2008 - 08 - 06.

GUO Zhancheng, PENG Cui,ZHANG Fuli, et al. The method
of producing potassium chloride from sintering electrostatic
precipitator ash in iron and steel enterprises: 101234766 A
[P].2008 -08 - 06.

MULIK J, PUCKETT R, WILLIAMS D, et al. Ion chromato—
graphic analysis of sulfate and nitrate in ambient aerosols [J].

Analytical Letters,1976,9(7) : 653 —663.

WEISS J. Handbook of Ton Chromatography [M]. Sunnyvale,

CA: Dionex Corp.,1986: 115 —150.

SAITO M,SATO M,MURATA H,et al. Combustion behaviour
of pulverized coal particles in a high temperature and high oxy—
gen concentration atmosphere [J]. Fuel,1991,70( 6) : 709 —

712.

DACOMBE P J,HAMPARTSOUMIAN E,POURKASHANIAN
M. Fragmentation of large coal particles in a drop—-tube furnace
[J]. Fuel ,1994,73( 8) : 1365 - 1367.

ALONSO M J G,BORREGO A G,ALVAREZ D, et al. Pyro-
lysis behaviour of pulverized coals at different temperatures [J].

Fuel,1999,78( 13) : 1501 - 1513.

WALL T, LIU Y, ELLIOTT L, et al. An overview on oxyfuel
coal combustion-state of the art research and technology devel—-
opment [J]. Chemical Engineering Research & Design: Trans—

actions of the Inst,2009,87: 1003 —1016.

7.
PERATIAY) o BTSRRI o 152 1 A T $ 52 S8 R 3R AT R )
W,

2T 4 38 BB ARASLIF 7T 75 FA

ATIE VAT P AR IO ER)

ZEATAE H ) K G R B B 7 b DL T N RS &

7 S 0 2 AL A T 25 D AR SCEE o AR TIANSIBUR T 9% e S e 21 ( AHOC 35 AR AR i) P 2 15 W A 2 AR, A

AR TR 2 Ab B

VAT B, A0 S S0 R A U



