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Abstract: To optimize sintering production index and reduce the return fines rate in the study of this paper through sinter
pot test combined with multivariate statistical analysis and simulation the synergistic effect of key parameters including
solid fuel ratio basicity ( R) w( CaO) w( FeO) and w( MgO) on the tumbler strength yield reduction degradation index
( RDI) and melting and dripping properties of the sinter was revealed and the regulatory mechanism of sintering process
parameters on the physicochemical characteristics and metallurgical properties of sinter was systematically explored. The
results indicate that when the solid fuel ratio is between 4.05% and 4.55% the tumbler strength of the tested sinter
reaches its peak value; when R is 1.9 ~ 2.1 and w( CaO) is 11.2% ~ 11.8% they can synergistically promote the

formation of calcium ferrite ( volume fraction >32%) suppress the precipitation of brittle phases such as calcium iron
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olivine ( CaO*FeO*Si0,)

and significantly enhance the structural stability of the sinter ( RDI_; ;5. reaches 78.3%) .

The simulation results with Monte Carlo method show that when w( FeO) is 8.5%~9.0% R is 1.8 ~2.1 w( Ca0) is

11.2%~11. 8% and the sintering terminal temperature is =430 °C the probability of the ore return rate <16% reaches
92.3%-. Under the optimized process parameters that w( FeO) is 8.74% R is 1.98 w( Ca0) is 11.46% and w( MgO) is

2.38% the drum strength of the sinter actually produced increased to 77. 70% ( increased by 0.49%)

the utilization

coefficient of the sintering machine increased to 1. 426 t/( m”>*h) the return fines rate decreased to 16. 46% ( decreased

by 11.55%) the proportion of particles larger than 10 mm reached 75. 82% ( increased by 0.9%)

and the solid fuel

consumption decreased to 50. 31 kg/t ( decreased by 1.47%) . The findings of this study can provide a data basis for the

refined control of the sintering process.

Key words: sintering; process parameters; solid fuel ratio; mineralogical structure; return fines rate
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Table 1 Main chemical composition and losses on
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TFe FeO SiO, CaO MgO Al O,
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2025 6 : 27

o 2 . (R) . w( Ca0) . w(FeO) w(MgO)
\ o o ( Pearson)
2 N (r) o
o r -11 1
2 ( ) o (
Table 2 Industrial analysis of solid fuels % p <0.05)
S C CaO KZO NaZO

0.88 13.12 0.91 82.02 3.25 0.55 0.45 0.30
12.38 10.71 0.72 82.85 3.47 2.25 0.96 2.31

1.2

3.7% ~
5.4% 3 o
80 kg 2.1 9
200 mm- 690 mm 2023 6 —2024 9
1 100 °C . 90 s.
5.0 kPa. 10. 0 kPa,
3 1
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on the yield of sinter

3 500 Pa
34%
SFCA
( Fe;0, + CaO—SFCA) .
5 000 Pa
1 ~2 pm 3 500 Pa 58%

SFCA 18.7%
( 43.8%) Ca0(6.2%)

(0.85 m/s) o



30

50 6

5 000 Pa (>1200 C)
Ca0-¥e0, -5i0,

Fe, 0O, Fe, 0,

o 4 000 Pa

/Pa: (a) 3500; (b) 5000
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Fig. 8 Correlation analysis of drum strength and
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Fig. 9 The influence of different chemical compositions and alkalinity on the drum strength of sinter
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Fig. 10 Microstructural phase of sinter under different mass fractions of FeO and CaO
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4 Ca0O.FeO 9.0% =0.2%
( ) ; ( >9.5%)
Table 4 The proportion of mineral phases in sinter .
under different mass fractions of CaO and FeO %
w( FeO) w( Ca0)
10.0 17 10 21 32 20
8.5 11.0 24 9 27 33 7
11.5 20 6 35 35 5
10.0 20 12 29 27 13
9.5 11.0 19 12 32 31 6
11.5 20 10 32 36 2
2.3
11
12 0 11 (R) .
w(CaO) RDI . ,.. RDI_, .. (r 1
0.52/0.65  0.75/0.73) RDL. ¢ 5 vum Fig. 11 Correlation analysis between low-temperature
(r -0.40) . (R = reduction pulverization index and

1.9~2.1) Ca0 (11.2%~11.8%)

- FeO

RDI (r=0.50)

>3.15 mm

chemical compositions
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78. 3% RDI

>3.15 mm

12% o

+0.5 mm

(a) » (b) w(TFe); () w(FeO); (d) w(Ca0)

D 1—>6.3mm; 2—>3.15 mm; 3—<0.5 mm.

12

Fig. 12 The influence of chemical compositions and alkalinity on the low-temperature reduction pulverization of sinter
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FeO o (r=0.40) Mg**
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Fig. 13 Correlation analysis of droplet performance and chemical composition of sinter
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(a) w(CaO); (c¢) w(MgO)

14

Fig. 14 The influence of chemical composition on the properties of molten droplets
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1.85(2024 2 R 1. 805)
FeO 2024 8 FeO
9.50%
( )
(379 °C)
77.17% 19.78%
2023 12 —2025 2

(1) o (Y)
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Tre C o
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0.46% (95% 0.38% ~0.54%) ;
10 C 0.23% (p =
0.007) .
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FeO 8.59.0 \ R
1.8 2.1 | CaO 11.2 11.8
=430 °C <16% 92.3%
( 95%) -
(3) o @D FeO
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2.2% ~ 2. 4% o
@

>430 C(2025 2 452 C) .



2025 6 : 35

5 265 m’ N

Table 5 Solid fuel consumption of the 265 m’ sinterstrand of Shuigang and the quality indicators of sinter

( ) 1% R /

(YYYY-MM)  /(kgt™')  w(FeO) w(Si0,) w(Ca0) w(MgO) w(ALO,) /c c %
2023 - 12 52.35 8.76 5.78 10. 91 2.38 2.22 1.89 1 026.00 406 18. 04
2024 -01 51.27 8.95 5.82 10. 61 2.35 2.27 1.82 978. 00 382 18.79
2024 -02 51.33 9.07 6.09 11. 00 2.35 2.30 1. 81 884. 00 378 19. 46
2024 -03 50. 45 8.99 5.79 10.53 2.36 2.31 1. 82 929. 00 395 19. 39
2024 - 04 50. 47 8.99 5.89 10. 71 2.38 2.32 1. 82 924. 00 385 17. 62
2024 - 05 51.44 9.04 5.90 10. 75 3.66 2.34 1.82  961.00 378 17.48
2024 - 06 51.44 9. 46 6.05 11. 65 2.37 2.33 1.92 935.00 382 17.27
2024 -07 51.33 9.18 5.94 11. 60 2.34 2.39 1.95 1125.00 402 19.52
2024 - 08 50. 49 9.50 6.22 11. 44 2.31 2.51 1. 84 893. 00 379 19.78
2024 -09 51.36 9.51 6.07 11.53 2.36 2.50 1.90 821. 00 386 19. 11
2024 - 10 50. 41 9.51 6.07 11.53 2.36 2.50 1.90 916. 00 382 18.97
2024 - 11 50. 34 9.45 5.68 11. 19 2.32 2.39 1.97 953.00 389 17. 86

51.06 9.20 5.94 11. 12 2.46 2.37 1.87 945. 42 387 18. 61
2024 - 12 50. 43 9.04 5.81 11. 17 2.28 2.49 1.92 893. 00 436 16. 95
2025 -01 49. 42 8.74 5.92 11.73 2.33 2.47 1.98 898. 00 425 16. 48
2025 -02 51.09 8.74 5.80 11. 46 2.38 2.48 1.98 902. 00 452 15.94
50. 31 8. 84 5.84 11.45 2.33 2.48 1.96 897. 67 437 16. 46
265 m’ 2023 12 —2025 2 R, 1.87 1.96( CaO 11. 12% —
. 6 o 11.45%) ( Fe,0,)
6 ( SFCA)
@  w( FeO) R,-w( Ca0) 77.32% 77.70% ( 0.38%)
51.06 kg/t 50. 31 kg/t( 18.61% 16. 46% ( 11.55%)

1.47%) (1250 ~ ® ; >10 mm

1270 °C) FeO 75.13% 75. 82% ( 0.9%)

1.364 t/( m’ *h) 1.426 t/( m’*h) .
@ FeO 0.36% (9.20% —8.84%) o
6 265 m’ 2023 12 —2025 2

Table 6 Comparison of economic indicators before and after production regulation of the 265 m’ sinterstrand in

Shuigang from December 2023 to February 2025

/ R >10 mm /" FeO
/(kget™) % 1% /C 0 1% (tem~2+h7") 1%
51.06 18.61 77.32 387 1.87 75.13 1. 364 9.20
(2023 - 12—2024 - 11)
50. 31 16.46  77.70 437 1.96 75. 82 1.426 8.84
(2024 — 12—2025 - 02)
0.75 -2.15  0.38 50 0. 09 0. 69 0. 062 -0.36

1% 1.47 -11.55 0.49 12.92 4. 81 0.90 4. 500 -3.91
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(1)

(r=0.61) 4.05%~4.55% .
(1.8 ~2.1)  CaO(11.2%~11.8%)
SFCA  ( 34.2% +2.8%)
(2Fe0-Si0,) AG( C,S —SFCA) =
~15.6 kJ/mol . SFCA (
>80% ) (72.3% +
1.5%) RDI,, .. (78.3%) .
(2) .
Ca0 >11.5% ( Ca,ALSiO,)

(AT) 42 C

(r=0.60):  MgO 2.2%~2. 4%

Mg AT,
0.32 C /% (r=0.40) .

(3) D Y =21.34 -
0.87R - 0. 65w ( Ca0) + 0.92w ( FeO) - 0.23T,,
(R*=0.91) ., FeO 0.5%

0.46%; 10 °C
0.23% (10* )

FeO 8.59.0 . R 1.8 2.1
Ca0 11.2 11.8 =430 °C
<16% 92.3% .

(4) FeO 8.74% .« R
1.98. CaO 11.46% . MgO
2.38% 77.70%
( 0.49%) 16. 46% (
11.55%) 1.426 t/( m’ «h)
>10 mm 75.82%

50.31 kg/t( 1.47%)
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