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Research on quantitative relationship between calcium ferrite

characteristics and sinterfeed composition
based on RSM and NSGA-III algorithm
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Abstract: As a kind of binder phase,the morphological characteristics of calcium ferrite in sinter directly determine the
quality of sinter. In order to improve the comprehensive quality of sinter,a quantitative method for the chemical composition
of sinter feed and the content of calcium ferrite in different forms is proposed. In this method, RSM is used to design the
test scheme at first,and the sinter samples are prepared with chemically pure reagents as raw materials. Then,the calcium
ferrite form in the sinter is classified by polarizing microscopy,and the calcium ferrite content of different forms is counted
by surface measurement. Finally, a response surface regression model of the chemical composition of sinter feed and

calcium ferrite characteristics is established , and the NSGA-III algorithm is used to optimize the response surface model
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with multiple objectives. The results show that the R* coefficient of determination of the response surface model is greater

than 0.9 ,and the P value is less than 0. 01, indicating that the model has a high degree of fitting and can pass the

significance test, which is statistically significant. The interaction between w( Al,0;) and R, had a significant effect on the

calcium ferrite content. The interactions between w(MgO) and w( Al,0,) and w(MgO) and R, had significant effects on

the contents of calcium columnar ferrite and other calcium ferrite. At the same time, NSGA-III is used to optimize the

response surface model with multiple objectives,and it is determined that the raw material ratio of the most ideal form of

calcium ferrite in the sinter is w(MgO) =1.8 ,w( Al,0,) =1.7,and R, =2. 3. The predicted values of calcium ferrite in

the sintered samples under this ratio are close to the actual values,which verify the reliability of the model.
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Table 1 Response surface test design factors and levels

i K-
H# 55
-1 0 1
w(MgO) X, 1.0 2.0 3.0
w(ALO,) X, 1.0 2.0 3.0
R, X, 1.8 2.1 2.4

R2 BRETHEYT AR
Table 2 Ore matching scheme of sinter
[t 5 %
Fe,0, Ca0 SiO, MgO AlLO;

=
n

1 81.24 10 4.76 2 2 2.1
2 80.83 10 4.17 3 2 2.4
3 80.83 10 4.17 2 3 2.4
4 81.24 10 4.76 2 2 2.1
5 83.24 10 4.76 1 1 2.1
6 81.44 10 5.56 1 2 1.8
7 79.44 10 5.56 3 2 1.8
8 81.24 10 4.76 2 2 2.1
9 81.24 10 4.76 2 2 2.1
10 79.24 10  4.76 3 3 2.1
11 81.24 10 4.76 1 3 2.1
12 79.44 10  5.56 2 3 1.8
13 82.83 10 4.17 2 1 2.4
14 81.24 10 4.76 3 1 2.1
15 81.24 10 4.76 2 2 2.1
16 82.83 10 4.17 1 2 2.4
17 81.44 10 5.56 2 1 1.8
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Table 3 Types and contents of minerals in

sintered samples %
z SFCA-I SFCA-II SFCA-III Eiﬁ% jﬁ;}?i I%Ff ﬁgﬁ
1 10.49 7.92 38.28 31.26 5.04 3.51 3.50
2 479 8.25 38.92 22.3219.89 2.39 3.44
3 7.8  14.23 32.73 32.44 6.91 3.42 2.38
4 9.8 8.67 41.61 31.17 1.87 3.65 3.20
5 6.32 8.43  41.33 30.27 7.85 2.47 3.33
6 3.39 15.91 33.01 22.7119.22 2.78 2.98
7 257 28.91 18.66 21.17 21.01 3.73 3.95
8 10.27 6.17 40.22 30.81 7.25 2.43 2.85
9 10.28 9.26 39.24 30.54 5.86 2.56 2.26
10 3.39 1591 33.01 36.25 4.32 2.79 3.54
11 520 27.86 24.65 15.46 19.94 3.95 2.94
12 5.82 18.49 25.61 20.17 24.47 2.94 2.50
13 8.41 317 39.15 34.72 8.99 3.35 2.21
14 4.02 19.03 27.77 38.38 6.14 2.32 2.34
15  9.67 8.93 34.17 21.83 18.91 3.78 2.71
16 9.24 10.35 37.16 32.28 4.21 3.81 2.95
17 9.67 8.93 34.17 21.83 18.91 3.78 2.71
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0.56X,X, — 3.03X,X, + 2.78X,X, - 4.65X,” —
1.70X,> -8.36X,’ (3)

Y, = —22.57 +0.24X, - 6.79X, +42.26X, -
2.87X,X, — 12.58X, X, + 1.25X,X, + 8.63X,” +
3.98X,> —8.26X,° (4)

Y, = —50.48 —16.97X, +2.49X, +91. 44X, +
3.60X,X, + 13.43X,X, + 1.78X,X, — 5.40X,2 -
4.42X,> -25.39X,° (5)
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Table 4 Summary of RSM model

Y R’ Y75 7% F P
Y, 0. 930 17.73 10. 34 <0.01
Y, 0. 952 17.52 15. 69 <0.01
Y, 0. 957 110. 23 17.49 <0.01
Y, 0. 964 84. 28 21.09 <0.01

A RSM AR T (16 5 S PB4 0 — 45 EL
4, WK 6 i, RUIEAGBER S, Bl
B 5 52PrE A —3, RSM [mHFE Y, Y, Y,
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W, P {EB/ MRS
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2.1, TR, JFHZmHEZRBIMZ T REE
ST a Rl i, & KR X bBegha SFCA &%
SR R RN w(MgO) >R, >w(ALO;,),

(a) SFCA FiHE; (b) SFCA-I; (c¢) SFCA-II; (d) SFCA-III
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Fig. 6 Fitting effect of RSM model
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Table 5 Fitting parameter evaluation of RSM model
A5 oA F i P{H
P37 Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y,
X, 35.41 18.36  53.15 80.20 20.65 16.45 8.44 20.07 <0.01 <0.01 0.02 <0.01
X, 3.35 9.81 288.00 144.16 1.96 8.79 45.71  36.07 0.21 0.02 <0.01 <0.01
X, 10. 47 9.86 164.17 166.62 6.10 8.83 26.06  41.69 0.04 0.02 <0.01 <0.01
X, X, 0.11 1.27 32.95  51.70 0.06 1.13 5.23 12.93 0. 81 0.32 0. 06 <0.01
X, X, 1.72 3.29 57.00 64.88 1. 00 2.95 9.05 16.23 0.35 0.13 0.02 <0.01
X, X, 12. 15 2.77 0.56 1. 14 7.08 2.48 0.09 0.29 0.03 0.16 0.77 0.61
X’ 8.50 91.13 313.33 122.56 4.96 81.64 49.73  30.66 0. 06 <0.01 <0.01 <0.01
X, 19.35 12,20 66.58 82.17 11.29 10.93  10.57  20.56 0.01 0.01 0.01 <0.01
X2 60. 19 2.38 2.33 21.99  35.11 2.13 0.37 5.50 <0.01 0.19 0.56 0.05
2= 12.00 7.81 44.10  27.98 — — — — — — — —
R 3.35 6.90 38.69  20.94 0.52 10. 09 9.53 3.97 0. 69 0.02 0.03 <0.01
aiR7zE 8.65 0.91 5.41 7.03 — — — — — — — —
Jevill 171.53 165.49 1036.15 786.52 — — — — — — — —
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1—w(Mg0O) ; 2—w(ALO;); 3—R,,
(a) SFCA gig; (b) SFCA-I; (c¢) SFCA-II; (d) SFCA-III
E7 RSM BEZRZImSHT
Fig.7 Effect analysis of single factor on RSM

(a) ZCHAFFIN B SFCA 195203 (b) . (¢) ZCHAFAIX SFCA-IL 525 (d) o (e) SCHARHIXF SFCA-IIL (520
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Table 6 Selected results from NSGA III model runs

i w(Mg0) /% w(ALO;)/ % R, IRV %
SFCA SFCA-I SFCA-II SFCA-III
1 1.77 1.86 2.34 56. 68 11.05 3.54 42. 06
2 1.70 1.81 2.36 56. 38 11.01 3.28 42.05
3 1.81 1.71 2.32 56. 44 10.99 2.88 42.53
4 1.81 1.70 2.32 56. 42 10. 98 2.86 42. 54
5 1.84 1.70 2.33 56.19 10.97 2.62 42.56
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