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Sintering process optimization and consumption reduction technology

for a high proportion of limonite
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Abstract: In order to solve such problems as low yield, poor strength and high solid fuel consumption in the sintering
process for a high proportion of limonite,a research on the collaborative optimization of thermal system and fuel structure is
carried out,the effects of ignition time,holding time,fuel dosage and particle size composition on the sintering indexes are
systematically investigated, XRD, optical microscopy and other detection methods are used to analyze the mineral
composition and microstructure of the sinter. The results show that the yield of sinter, drum strength, utilization coefficient
of sintering machine and solid fuel consumption are 73.44% ,68.85% ,1.477 t/(m*-h) and 67.01 kg/t, respectively,
under the conditions of moisture content of the mixture of 7.3% , anthracite ratio of 5.42% , ignition time of 90 s and
holding time of 90 s. On this basis, the fuel particle size composition is adjusted, and the proportion of <0.5 mm and
>5 mm particle size is appropriately reduced,and the proportion of 3 ~5,1 ~3 mm and 0. 5 ~ 1 mm particle size is set to
47.86% ,43.13% and 9. 01% ,respectively,so that the solid fuel consumption is further reduced to 66. 09 kg/t,which is

3.09 kg/t lower than before optimization. The iron grade of the sinter reaches 57.2% , and the main mineral facies are
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magnetite, hematite, calcium ferrite and silicate. The needle-like calcium ferrite develops in an interlaced manner, tightly

bonding magnetite , hematite and silicate into a solid whole. The microstructure of the sinter is dense and uniform, and the

mechanical properties are effectively improved. The results can provide a technical reference for low-carbon and efficient

sintering of high-proportion limonite.
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Table 1 Main chemical composition and ratio of iron containing raw materials %0

JECRLZ B TFe FeO Sio, Ca0 MgO  ALO, K,0  NaO P S B M
PB #; 61.82 0.40 3.07 0. 09 0. 09 1.99 0.01 0.13 0.11 0.01 5.56 15.5
ik 60.11  0.43 4.56 0. 08 0.07 2.50 0.02 0.12 0. 08 0.02 6. 44 10.0
i) 63.74  0.47 2.93 0.08 0. 06 1.96 0.02 0.12 0.07 0.01 3.22 12.0
R 57.12  0.76  12.73  0.08 0. 08 1. 56 0.02 0.12 0. 09 0.01 2.90 8.0
P& i 58.06  0.30 6.01 0.10 0.07 2.78 0.02 0. 14 0.09 0.02 7.55 10.0
BT 4ky 56.39  0.05 6.88 0.13 0. 06 2.32 0.05 0.13 0.11 0.01 8.95 10.0
B Ay 56.02 0.16 4.48 0.16 0.12 2.53 0.02 0.13 0.04 0.01 12.19 15.0
RS by 63.82 6.59 3.40 0.22 0.17 1.09 0.03 0.15 0. 08 0.02 2.55 8.0
s 41.08 38.46 9.32 31.30 5.67 1.26 0.01 0.15 0.96 0.05 -5.89 0.8
Z ) 47.02 24.67 6.38 14.55  3.03 1.94 0.15 0.18 0.32 0.20 2.18 2.5

RIS T ARG T2 L5 3 3 iR, HH
T3, A CaO J 504k 90.48% , 1 it
IR AL, Hbeiah s T 5.51% , AlL0O,. SiO,
Jri B iR 1 11% ( 1.48% , HL 2% i % 2t
s ARAH CaO. SiO, BTt 4340535 Ry 53. 84% |
2.08% , HEAHEFREEEOK; Hafrh CaO, MgO,
AL O, . SiO, JF& & 40 04 BN 27.79% . 21.07% .
0.15% . 2.37% , HMpsn&EEDb,

2 TRETUSHHRERSETEXEZHES (RESH)

Table 2 Industrial analysis and main chemical

composition of ash in anthracite %
WKy FEAE WY
BEm #ky Ky —
Si0, Ca0 ALO;  MgO
80.78 6.66 12.56 45.66 5.13 32.79 1.06

x3 BANEEZELERSFER(RESE)
Table 3 Main chemical composition and loss on ignition

of fluxes %

JEORE
(S
HEATIR 90.48 0.72 111 0.0170 0.0490 1.48
FiKA 53.84 0.32 0.94 0.0096 0.0033 2.08
Flzfi 27.79 21.07 0.15 0.006 1 0.0020 2.37
AT S
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Fig.1 Proces flow digram of sintering process
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PRI A RK X R ZS P s . BRI besh o
[ AEbR N 4 R, R4 T, HIREREK S
B 7. 0% 3R 2 7. 4% I, IRARFE Rk
Ay 3.33 mm 325 E 4. 60 mm, FlRIACRNEE, Begk
WAt 17. 86 mm/min $2&5 % 20. 36 mm/min, [#
TRIREHHFE T 69. 16 ke/t FRAKE] Fe (R (H 67. 95 kg/t
(7.3% K51 ) BB A 8] F, (B2 BE 25 0™ B 2
72.50% FFAKE 70.93% . WD MR R, fH
TR AR B K 3R, AR 3 MR Ak
IKATGSINEE DT 23 VR ARk A R RE R Z
(S (H SR A RK o ad i, be gl R %
IS, mRPAEER R 45 5. B R AN e 4, I
TR IE 22 . FLBRR R REEs 0, M REZ T
Mk LB B4 b s, TR BHE B MK 4
PR T. 3% FeA, IR Ss 0 5L S B e, IR F
67.50% , s 45 W [ AR R ORI FE i R AL, (A
67.95 kg/t.,
R4 RERKSITELEIERNZMN

Table 4 Influence of mixture moisture on sintering index

Koy b4k W g TR Vi
Fitsy U/ R/OBE/ RHERE,  FIHREV
¥/% (mm-min~') % %  (kg-t™') (t-m*-h7")

7.0 17. 86 72.50 67.09 69.16 1.123
7.2 18.83 72.56 67.36  68.27 1.218
7.3 20.05 72.40 67.50 67.95 1.288
1.4 20. 36 70.93 66.06 68.42 1.218

2.2 BRIELE MR

KT A s g dboK . IR Ak I B A5 4y
PRI B B, HAERES B b 5l ki
Pt . BHZBE S SR AR AT 1k RIE 55 0] R
PR 7 22 ) 3 e 235 o 2 v B RRLBE be . A R
REEIKIT K 7.3%  mi KW 60 s 1Y 251,
AIFFETCHRMRE I LU T 2% 301 G B e 45 46 A 1 52 ) . 3K
WA RN S Fron, WS nl W, RHEAE Jo i
P4 i, B4 JUE R 18,13 mm/min 2 5 &
21. 60 mm/min, BEL5H WK H 67.45% I E 2
72.47% , BB Al 65. 13% i & 67. 15%
J5 FREZR 67.06% o 32 THOBHAC brast v 25 4 B
HEWAH, FECREGE R AR 2, RESHLAIH R
BN 1.065 t/(m*+h) #2275 1.389 t/(m*-h), {H
S ARBHEAEM 58. 81 kg/t R 73. 31 kg/t,

X B ACORE A N, Be S A R A B
Fio LREHIE, WERICHHBICIL N S. 42% ot
x5 FTIREE LT EELIEIRN R0

Table 5 Influence of anthracite ratio on sintering index

T s B REEE AR BREEHL
PRESHEE, o e %
iﬁ%@a( i) R/ whEE/ FHEFE,  FIHR¥V
mm - min
It/ % % %  (kg-t™') (t-m>-h7")
4,52  18.13  67.45 65.13 58.81 1. 065
4.82  19.25  69.06 65.82 64.05 1.209
512 19.13  71.01 67.15 67.05 1.172
5.42  20.05  72.40 67.50 67.95 1.288
5.72  21.60  72.47 67.06 73.31 1.389
2.3 RNEENRIG
2.3.1 & KEFE

RAEAS AT R 25 K A R, DRIERES B
SRS, TS M e kTR B T K kR ]
DIBRAMpE 25 0 e IR, W] St 2 P 3 4
LT Z Ry i, TR R A R R, O B AR
SENLFIFH R B, BRIRBELs o 2 v i AR BRI #E
R IR AR KA K 7.3% 247, T B H
5.42% , BFFE o5 KR X BE A HR AR I R R, IR 0R
G5O 6 PR, RO UL, HAUKEFEIM 60 s
IR 2 90 s B, ARG B S dERNZ
BRBHY G R S he2s OB I HEA T, ATl ol i 5
EESEOR FE AR TFZE 20. 61 mm/min 5 67. 82% , [F]
A E AL FERE 2 67. 62 ke/to SR, 2445 KAt
AR K 2 120 s, AlRESECER 20, Bk
RSN, BB 1Y % 20. 19 mm/min, §%
SR T IR 67.65% . LRI, K ok
I E) A B TR 850 A R 25 0 WA 7843 K
AT Bl 5 e 4 ol 55 R, (FL 3 B B K D) ] g
BFREE . BRI, Rl bRas e bR 2,
SRS, 10 YT K KT A T Ress, 78

Fz6 mABHEIXTRELETERRA R

Table 6 Influence of ignition time on sintering index

=k A L S Y

wm%ffffg %/ g BNES ATRMY
S % % (kg't™') (t'm-h7h)
60 20. 05 72.40 67.50 67.95 1. 288
90 20. 61 72.72 67.82 67.62 1. 342
120 20. 19 72.31 67.65 67. 87 1.295
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Table 7 Influence of holding time on sintering index

PR s MAh e ERR e L
BB, Sl e "
EHLIETJ/( i) X/ wmEE/ RHEFE,  FIARES

mm - min
s % % (keet™") (1rm2+h7)
0 20.61  72.72 67.82  67.62 1.342
60 20.13  72.99 68.55 67.37 1.276
90 20.63  73.44 68.85 67.01 1.375
120 22.04  73.54 69.01 67.08

X ZEFa PRI, [ TR L R 5. 42% . 7K
B T. 3% oA AKRE N 1100 C L A5
KEFEIA 90 s, LRIEETE] R 90 s, WF5T TCARIE R BE
AR X e gl 1R A R R BE KR4S 0 77 . i 4
PRESEI o R T K 8 R, AR
JEORE B 2 N T X e A5 e AR B AN R 9 iR .

F2E 8. 9 AT, JoARIRE AR B 41 W v 4 4
bR B E 5, FEALTCR M H <0.5 mm RigL Ry
di b, JFAERE (3,5 ] mm Ry Lk, AT
FEARE AR BERE FE. P2 M i R, SIEMEM L,
TR T3 W RIA I, ik 2]
73.60% F174.18% , [& 1A HH FE W) 7 3 FEAK T
0.54 kg/t F10.43 ke/t, (AEATEEME, FE25%
£ EBT <0.5 mm fl >5 mm Fid, HE AR
THAERIEMEREAR 0. 92 kg/t, LA H, & YRFAT
T <0.5 mm F1 >5 mm R 5k, R
IR LS AR BHEAE, SEIUBEEE 0 it & 35 5
5 PR s bR B R AR

3 IREEH FTMmIERE

AN 2 A T R 4 7 i 2 A S 1 K
ZERNFE 10 fron . SEMEMLL, IR (R
FROK I T.3% . JCHHIERIER N 5. 42% (s K
IFTAL R 90 s PRI E] Dy 90 s LUK AR AHRE BE R H]
I 2), FRIRBHEAEREAR, & L Bile ke e st
AL B G, R Bk L4 0. 66%
KA o3 B AR (JE R AL O5 Jit 23 0K Wi R IR
25%), HEILR S, P A MR, XLEALH %

L. 477 O BILT 2 BRI 73t A > FUR e R R B g
R HALA T Si0,, ALO; S8kfr & i, Je# il
i R HE ) FA R, et T A B A 2
FES PR Al BT A R, TR Y Bk . BRI, HORURLEE JL AL A AL S B T [
WA TR ARG T BN R . O T IRTERRRPRLE 734 PREREHM AR R AR, S f e o i R k%,
®8 NEARFR(FESH)

2.4 BRBLRLEH) R0
RBERAR Bk IGE IX [ 2 5 i e 245 T A AR T

Table 8 Grain size composition scheme %0
Wik 24 >8 mm (5,8] mm (3,5] mm (1,3] mm (0.5,1] mm <0.5 mm
i 0.17 8.33 13.37 43.13 9.01 25.99
ES! 0.17 8.33 39.36 43.13 9.01 0
HE2 0 0 47.86 43.13 9.01 0

FHE3 0.17 8.33 26. 37 43.13 9.01 12.99
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Table 9 Influence of anthracite particle size on

sintering index

gk AR bk
wEE/ RHEFE RS
% (kgot™') (tm~?+h7")

HE BEEEHE, N5
S (mm-minfl) /%

FEUE 20. 63 73.44 68.85 67.01 1.375
FHE1L 20.99 73.60 68.55  66.47 1.295
HE2  22.67 73.63 68.90  66.09 1. 449
FE3 2191 74.18 67.95  66.58 1. 482

PTE T REEh B (B i, O LR Bk be 4
TR Al Rk ARt TR B BRI

A RIS 25 F T B ZEB™ EAT X S AT Y
b, 2 Fron. A 2 AL, BAREBESS T
AL, (B FrA a Re A 0 B A A
A, EEYMAE AR BT, BRI A
RERRER . ANIRIBESE W T (W) A 22 v 2 BRI R G
BB SRR R 22 5, X EIE TR AS
FeO & 2L ML . fEAN RGBT RADE 7 2
X P AR 2 1F T BB A 07 HEAT BT AR 4 H WL
GO, SR 3 Fros, dild 3 all, e

FAFNRRAH LR Z, WRsiEhy, TEbE
LERRIERLZE, WERKE S REGR, X5 XRD 24T
GOR—E AR RS N AR 2 ST O,
) R IR S A R A AR TR 45 o e A L (]
WA A e, FERSCERESH, AR beai i o i T

4%

(1) XFE ek bedh, EiRARKS
K T.3% . TCHRIERCLER 5. 42% | KBRS 90 s
FORETE R 90 s 50T, Bessw i %, ik
SR LRI R BOR R BRRHE AR50k 73. 44%
68.85% . 1.375 t/(m’-h) 1 67.01 kg/t, V%%
BHER, & YRR <0.5 mm Al >5 mm JCAHHE D
Fb, TG 2E T8 bR A N AR B 4R i, 4 e A
FIRBAR R 2 1. 449 v (m® - h), [ERPORHEFERE
K% 66. 09 kg/t.

(2) SLMEFURRIRL AL IS, MR bedsn
BRIIITE 5T% L) |, FeO B8k T9.0% ,
TR IR AR RIRES S IR SR
WRRIRLEE LAk J5 AR A I be 2 0 25 M B 38 20, 4t
ARERIR S LA SE BUIRAG 25 0 W 205 1 2 TR A

F10 FREREFHRETHEELERS (RESH)

Table 10 Main chemical composition of sinters under different test conditions %0
I)ﬁ H TFe FeO Sloz CaO MgO Alz 03 Kz 0 Naz 0 S P
WS 57.20 9.25 5.12 10. 17 2.19 2.76 0.031 0. 034 0.02 0. 087
Ak &1k 57. 86 9.55 5.04 9.77 1. 86 2.07 0. 036 0. 032 0.019 0. 083
(a) A (b) A
B
B B
B
A q
B B A A B
B
c A lc BA A 5 X A B
C c |b CC C B

20/(°)

(a) FHEWEFME; (b) ks
A—Fe,0,; B—Fe,0,; C—SFCA(F543 % A RMLL) ; D—CaSio; .
B2 AREREEGERET YIHEERS T

Fig. 2 Analysis of phase composition of sintered minerals under different sintering conditions
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Fig. 3 Microstructure of sinter under different sintering conditions
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