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Optimal allocation of limonite in sintering process
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ABSTRACT Improvements in ore blending could be realized by an optimal match of iron ores, sinters, and fuel conditions. To further
increase iron grade and reduce the cost of ore blending, in view of the actual raw material and fuel conditions of the 500 m” large-scale
sintering machine of S Steel company, the conventional physical and chemical properties of the iron ore powders used and their basic
characteristics under high-temperature sintering were studied using sintering cup experiments in this study. The content of the adhesion
powder, the theoretical liquid phase formation, and performance with different limonite ratios were simulated and calculated using the
FactSage 7.1 software. The microstructures of sinters were also analyzed using a mineral phase microscope. The results show that
Australian limonite exhibits coarse particle size, weak mineralization ability, low assimilation temperature, poor bonding phase strength,
but strong liquid phase absorption. When the mass fraction of limonite is increased from 45% to 55%, the OD ore mass fraction of the
magnetite concentrate is increased to 15% and the mass fraction of the OC ore is reduced to 10%, improving the sinter drum strength and
RDL3 15 mm- When the OD ore ratio of the magnetite concentrate is increased, not only the proportion of adhesion powder is increased,
improving the amount and performance of liquid phase formation, but the liquid phase distribution also becomes uniform and

overmelting is eliminated. On the other hand, increasing the ratio of the OC ore can improve the particle size composition of the sinter
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mixture and reduce the amount of liquid phase absorbed by the limonite, thus increasing the strength of the sinter. Therefore, a higher

ratio of magnetite concentrate under a high amount of limonite is conducive to stabilizing the sinter quality and improving the overall

sinter performance.

KEY WORDS sintering process; limonite; reasonable allocation; theoretical liquid phase; mineral phase structure
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Table 1 Chemical composition of iron ore powder, flux, and fuel for sintering %
Type of raw material and fuel ~ Name of iron ore powder ~ w(TFe) ~ w(SiO;)  w(CaO) w(MgO) w(ALO;) w(S) w(P) LOI
OA 61.20 3.70 0.03 0.10 2.50 0.056 0.045 5.0
Australian limonite OB 57.20 6.00 0.02 0.10 1.60 0.114 0.050 10.0
oC 62.30 4.40 0.05 0.10 2.50 0.094 0.006 4.0
Australian magnetite oD 6550  7.70 0.18 0.20 050 0021 0082  —
OE 65.51 1.70 0.02 0.17 1.15 0.071 0.007 2.0
Brazilian hematite OF 61.39 6.50 0.10 0.19 1.71 0.034 0.101 2.0
oG 63.05 5.00 0.10 0.11 1.30 0.130 0.201 2.7
Dolomite — 1.20 30.57 20.03 1.500 0.016 — 43.0
Sintering flux
Quicklime — 2.50 82.00 4.90 1.500 0.081 — 10.0
Sintering fuel Coke powder w(Fcad): 85.00; w(Ad) : 12.5; w(Vdaf): 1.45; w(St,d): 0.65

Note: w represents mass fraction; LOI represents burning loss; Fcad represents fixed carbon content; Ad represents ash content; Vdaf represents volatile

content; St,d represents sulfur content.
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Table 2 Distribution and proportion of each particle size composition of iron ore powder

Mass fraction of particle size composition/ %

Name of iron ore powder

Average particle size/ mm

+8mm 5-8mm 3-5mm 1-3mm 0.5-1.0mm —05mm Sum —1mm +1mm
OA 12.67 2333 20.00 28.67 3.80 11.53 100 1533 84.67 4.39
OB 20.00 16.67 1733 3533 6.01 4.66 100 10.67  89.33 4.76
oC 6.20 17.43 1513 2243 9.62 29.19 100 38.81 61.19 3.14
OD — — — — 12.52 87.48 100 100 0.00 —
OE 14.00  12.67 14.00  28.00 10.01 21.32 100 31.33  68.67 3.70
OF 8.33 13.33 16.00  32.00 5.84 24.50 100 3034  69.66 3.28
oG 1333 14.00 16.67  31.33 4.98 19.69 100 24.67 7533 3.84

Note: The average particle size is calculated based on the particle content of +1 mm.
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Table 3 Liquid phase flowability index of iron ore powder (R = 3.0)

Name of iron ore powder OA OB OC OD OE OF OG

Sintering temperature

conditions/ °C 1280 1240 1280 1240 1280 1280 1240

Liquid phase flowability

index (FI) 1.64 391

4.88 206 525 4.64 3.00

Note: R represents binary basicity.
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Table 4 Ore blending scheme of the sintering cup(mass fraction) %
Configuration scheme of iron ore powder Limonite Hematite Sintering fuel
Experimental scheme No.
OA OB oC OD OE OF oG (OA+OB+0C) (OE+OF+0G) Coke powder
H-1# 10 25 10 15 20 10 10 45 40 4.0
H-2# 5 25 20 10 25 10 5 50 40 4.0
H-3# 5 30 20 10 20 5 10 55 35 4.0
H-4# 5 30 10 15 25 10 5 45 40 4.0
H-5# 5 35 10 15 20 5 10 50 35 4.0
H-6# 10 35 10 10 25 5 5 55 35 4.0
#5 PRI SHL T2 &0
Table 5 Sintering cup test equipment parameters and process control conditions
Experimental equipment parameters Value Process parameters for blending and mixing granulation of the sinter Value
Material thickness/mm 700 Mixing time/min 10
Sintering cup diameter/mm 325 Mass fraction of coke powder in the mixture/% 4.0
Ignition negative pressure/Pa 6000 Mass fraction of of the returned sinter/% 30
Mixer diameter/mm 800 Mass fraction of mixture moisture/% 7-8
Ignition temperature/ C 850 Granulation time/min 15
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Table 6 Calculation results of adhesion powder composition with different ore blending structures

Experimental

Granulating pellets

Chemical composition of the melting zone(mass fraction)/ %

scheme No. ~ Mass frsztvlvczir; r(;f o/e;dheswe Masspf:;g?f:/l ;{/f core TFe FeO $i0, Ca0 MgO ALO, Basicity, R
H-1# 35.79 64.21 44.88 7.72 5.63 23.29 3.68 1.92 4.13
H-2# 34.75 65.25 44.16 5.79 5.31 24.14 3.78 2.06 4.55
H-3# 34.18 65.82 43.75 5.90 5.34 24.61 3.85 2.08 4.61
H-4# 35.65 64.35 44.82 7.76 5.59 23.40 3.70 1.91 4.19
H-5# 35.09 64.91 44.44 7.90 5.63 23.84 3.76 1.92 4.24
H-6# 33.13 66.87 42.96 6.13 5.33 25.53 3.99 2.07 4.79
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Table 7 Calculation results of liquid phase formation properties in the molten liquid region of per unit mass of adhesive powder (1250 °C)

- - .
Experimental Mass fraction of liquid phase composition/ %

Mass fraction of

Mass fraction of liquid phase

iqui F :
produced by per unit mass of Liquid phase  w(Fe,05)

scheme No. ALO;  Si0,  CaO  FeO  Fe0O3  MgO liquid phase/ % adhesive powder/ % viscosity/ (Pa-s) - w(CaO)

H-1# 2.63 1.15 23.83 797 63.40 1.02 61.64 22.06 0.0256 2.66
H-2# 2.73 1.07 2446  6.11 64.51 1.13 66.09 22.97 0.0268 2.64
H-3# 2.79 1.05 24.63 6.49 63.87 1.17 62.65 21.41 0.0266 2.59
H-4# 2.59 1.14 2397 8.11 63.13 1.05 62.01 22.11 0.0252 2.63
H-5# 2.57 1.10 2435 8.58 62.25 1.15 62.52 21.94 0.0247 2.56
H-6# 2.88 1.04 2475 7.53 62.56 1.23 51.82 17.17 0.0260 2.53
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Table 8 Melting and dripping properties of the sinter samples

Experimental scheme No. 7w/ C T/ € Ty/ C Ty C  Tp/ C (T T/ C (Tyg=Tio) C (Tp~Ts)/ T (Tp=T10) C AP,/ kPa
H-1# 1097 1141 1239 1280 1511 142 98 231 370 34.1
H-2# 1075 1123 1229 1273 1481 154 106 208 358 354
H-3# 1089 1127 1232 1272 1475 143 105 203 348 28.9
H-4# 1084 1119 1226 1278 1497 142 107 219 378 31.0
H-5# 1098 1132 1229 1284 1506 131 97 222 374 30.4
H-6# 1073 1111 1206 1261 1504 133 95 243 393 25.1

Note: 7,— Initial softening temperature; 7'—temperature at 10% layer shrinkage; T,,—final softening temperature; (7,y—7'o)—softening temperature
range; Tg—start melting temperature; Tp—dropping temperature; (7p—7s) —melting temperature range; AP,,,,—maximum pressure difference in molten

state.
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H—Hematite; M—Magnetite; F—Calcium ferrite; P—Pore; S—Silicate
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Fig.4 Mineral phase microstructures of the H-1# sinter sample: (a) left
edge view; (b) right edge view; (c) left central view; (d) right central
view
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Fig.5 Mineral phase microstructures of the H-2# sinter sample: (a) left
edge view; (b) right edge view; (c) left central view; (d) right central

view
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Fig.6 Mineral phase microstructures of the H-3# sinter sample: (a) left

edge view; (b) right edge view; (c) left central view; (d) right central
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Fig.7 Mineral phase microstructures of the H-4# sinter sample: (a) left
edge view; (b) right edge view; (c) left central view; (d) right central

view
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Fig.8 Mineral phase microstructures of the H-5# sinter sample: (a) left
edge view; (b) right edge view; (c) left central view; (d) right central

view
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Fig.9 Mineral phase microstructures of the H-6# sinter sample: (a) left
edge view; (b) right edge view; (c) left central view; (d) right central

view
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