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Optimization of sinter reduction index based on response
surface method
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Abstract: The reduction index of sinter is an important parameter affecting the production of blast furnace, and the
sintering raw materials and their ratio are one of the fundamental reasons for determining the reduction performance of
sinter. In this paper,the response surface method is used to optimize the reduction index of sinter,and the CCD module is
used to design the ore blending scheme of sinter. With w( Fe,0;)/w(Fe;0,) ,binary basicity [ w( Ca0)/w(Si0,) ] and
w(MgO)/w(Al,0;) as variable factors, the reduction index of sinter is taken as the target index. The response surface
model between target index and variable factor is established. By fitting the response surface model through experiments , the
prediction equation of sinter reduction index is obtained. According to the optimal ratio of raw material composition

determined by the prediction model, the prediction model is verified. The results show that the significant effects of the three
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raw materials on the reduction index of sinter are as follows:binary basicity [w(Ca0)/w(SiO,) ],w(MgO)/w( ALO,),

w(Fe,0;)/w(Fe;0,) ,and the interaction of any two factors among the three is obvious. When the reduction index of

sinter is optimal ,the raw material ratio is;w(Fe,0,)/w(Fe;0,) =0.76, binary basicity [ w( Ca0)/w(Si0,) ] =2.23,

w(MgO)/w(Al,0;) =0. 82. Through the sintering test,the predicted reduction index value of sinter is 92. 41% ,the test

value is 92. 1% ,and the content of aciculate calcium ferrite in sinter is more, and the microstructure is better, reflecting

that the optimal ratio scheme determined by the response surface method is accurate and feasible.

Key words: sintering ore blending; response surface method; target optimization; interaction; reduction index
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Table 1 Factors and levels in central composite design

K%
W w(Fe,0,)/

B L It
-« 0.16 1. 60 0.16
-1 0.50 1. 80 0.50
0 1.00 2.10 1.00
1 1.50 2.40 1.50
+a 1. 84 2.60 1. 84

1.3 R FEH & RIE R N E

DI Ak 2% 4 iR 7] Fe,0,, Fe,0,, CaO. SiO,,
MgO . ALO, Jy il %0 J5 Rk (4 99.99% ), &
120 CHYTHRAENHET 2 h [ FRE—RCR—IR 5,
PRI 2 PEATICH, #1300 g J5UBHICA 1 000 ml.
PRI E I b, AT 45 il A =X D B a4 T SR
Begh, JHRZE 1400 °C, fH}H 60 min, FHIFEEI%E
it
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Table 2 Sintering ore composition design table %

Jf2  Fe,0, Fe,0, CaO SiO, Mg0 AlLO,
1 27.15 54.29 10 5.5 1.00 2
2 26.48 52.96 10 5.56 3.00 2
3 48.86 32.58 10 556 1.00 2
4 47.66 31.78 10  5.56 3.00 2
5 27.61 55.22 10 417 1.00 2
6 26.94 53.89 10 417 3.00 2
7 49.70 33.13 10 417 1.00 2
8 48.50 32.33 10 417 3.00 2
9 41.46 41.46 10 476 0.32 2
10 39.78 39.78 10 4.76 3.68 2
11 1121 70.03 10 4.76 2.00 2
12 5264 28.60 10 476 2.00 2
13 39.87 39.88 10 6.25 2.00 2
14 41.07 41.08 10 3.85 200 2
15 40.62 40.62 10 4.76 2.00 2
16 40.62 40.62 10 4.76 2.00 2
17 40.62 40.62 10 4.76 2.00 2
18 40.62 40.62 10 4.76 2.00 2
19  40.62 40.62 10 4.76 2.00 2
20  40.62 40.62 10  4.76 2.00 2
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Table 3 Test conditions for sinter reduction

IR/ C R/ S FE AR R/ (Lomin ™)

AR (RN /%

AT /g BURERLE/mm

900 +10 3 15

N, (70),C0(30) 500 + 1 10.0 ~12.5
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Table 4 Experimental results of response surface

CCD design
K%
T w(Fe,05)/ w(Mg0)/ @E%
w(Fe0,)  SHE g,
1 0 0 0 89.1
2 -1 -1 -1 70.2
3 1 1 1 68.2
4 -« 0 0 80.5
5 -1 -1 1 66.0
6 1 -1 -1 73.5
7 1 -1 1 74.9
8 -1 1 -1 89.3
9 -1 1 1 79.6
10 1 1 -1 74.5
11 0 0 - 80.3
12 0 0 « 71.5
13 o' 0 0 76. 1
14 0 -« 0 63.4
15 0 a 0 75.4
16 0 0 0 92.5
17 0 0 0 90.4
18 0 0 0 91.7
19 0 0 0 90.3
20 0 0 0 91.4
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A 3 R W R ] CCD 8 1% i 36 45 SR 147 40
A, AL DL R B g ik R s g (Y) A
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w(Mg0) /w( AL 0;) (X;) LA #E :

Y =90.86 — 1.57X, + 3.47X, — 2.46X, -
4.80X, X, + 1. 13X, X, - 1.65X, X, — 4.22X,> -
7.49X,” -5.07X,’ (7)
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Table 5 Analysis of variance in the restoration

regression model

% L Ik %o
R SEHR EBE W% FME 0 P B
BB 1701.76 9 189.08 144.43 <0.000 1 #% 5%
A 33.54 1 33.54 25.62 0.0005 %
B 162.96 1  162.96 124.47 <0.000 1 5%
C 8266 1 82.66 63.14 <0.000 1 % f%
AB  184.32 1  184.32 140.79 <0.000 1 53
AC  10.13 1 10.13 7.73 0.0194 F
BC  21.78 1 21.78 16.64 0.0022 Lg%
A 256.30 1 256.30 195.76 <0.000 1 %42
B> 786.12 1  786.12 600.45 <0.000 1 %
C* 369.92 1 369.92282.55 <0.000 1 ff 3%
kX 13.09 10 1.31 — — —
ST 5.79 5 116 0.79 0.5971 A%
fiie 7.30 5 146 @ — — —
MR 1714.85 19 — — — —
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Table 6 Reliability analysis of reducing

regression variance
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Fig. 1 Residual analysis of restoration index
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Fig.3 Effect of w(Fe,0,)/w(Fe,;0,) and alkalinity on sinter reduction index
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Fig. 4 Effect of w(Fe,0,)/w(Fe;0,) and w(MgO)/w(Al,O;) on sinter reduction index
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Table 7 Predictive value and experimental
parameter table
w(MgO)/  F K
w(ALOy)  fH/%  {H/%
0.76 2.23 0.82 92.41 92.1

TEf ORI BE LA 1F T, i 15 B e 46
WA SRR IE N 6 B, diE 6 nl . be4h
WP E A DARE R RO T, SR Bk R B I
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o 87.28
! 85.06
82.85
80.64
78.43
76.21
74.00

w(Fe,0;)/

w(Fe;0,) — IR

w(MgO)Yw(ALO,)

18 19 20 21 22 23 24
ZICHE

(a) WANTE; (b) SFmZ
5 ZmES w(Mg0)/w(AlLO,) Xt EREH E RIS HHI M
Fig. 5 Effect of alkalinity and w(MgO)/w(Al,O;) on sinter reduction index
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Fig. 6 Structural characteristics of the sinter ore phase
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