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Process parameter test and response surface method optimization of

steel slag blending into sintering

YANG Shuangping, WANG Yuping, GAO Wenbin, LI Jianghan
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Xi’an 710055 , Shaanxi , China)

Abstract: In order to optimize the optimal process parameters of steel slag blending into sintering, the properties of
steel slag and sintering raw materials are analyzed; the effect of alkalinity, suction negative pressure, proportions of
carbon and steel slag addition on sintering parameters and sinter quality is studied through sintering test, and the
optimal steel slag ratio and sintering parameters are optimized by the response surface method. The results show that,
under the Design Expert simulation, 4 factors with greater influence on the metallurgical performance of sinter are
obtained through ANOVA, including sinter alkalinity, steel slag ratio, sintering negative pressure and fuel ratio from
large to small, and the optimized sintering parameters are: alkalinity is 1. 85, steel slag ratio is 7.5% , sintering
negative pressure is 8.9 kPa, and carbon allocation is 3. 8% . Under the simulated optimal conditions, the quality
inspection of sinter is 77. 2% ,the low-temperature reduction chalkability is 73. 4% ,the bowl strength is 71. 6% ,and
the metallurgical quality of sinter meets the needs of blast furnace smelting,
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Table 1 Main chemical composition of raw material %o
JFREZ K  TFe  FeO Fe,0, SiO, CaO MgO S P MnO ALO, K,0 NaO P,0, TiO,
YAERT  58.20 8.02 — 2.14 0.17 0.62 0.0058 0.088 —  5.99 — — — 1.07
Wit 19.20 —  8.64 12.48 47.67 17.58 — —  3.34 1.35 — — 0.48 —
FEH) — — 8.64 2537 13.45 1.67 — — — 6.74 0.51 1.39 0.29 0.81
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Table 2 Grain size

composition of steel slag %

<0.038 mm 0.038 ~0.048 mm 0. 048 ~0. 074 mm 0. 074 ~0. 120 mm
2. 66 8.49 7.46 81.39
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Fig. 1 Effece of alkalinity on the metallurgical properties of sinter
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Fig.2 The influence of negative pressure on the metallurgical properties of sinter
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Fig.3 Effects of carbon content on the metallurgical properties of the sintered ore
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Fig.4 Effects of steel slag dosage on metallurgical properties of sinter and sinter softening start and end temperatures
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Table 3 Scheme design of test parameter
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Table 4 Response surface test design and results

Foetd  BUE XU B RCLE B

i (X)) 1% (X,) (X;)/kPa (X,)/% (R)/%
1 4.5 1.8 8.5 8.0 63. 1
2 4.5 1.9 9.0 8.0 68.3
3 4.0 1.9 9.0 4.0 68.3
4 4.5 1.8 9.5 8.0 64.5
5 4.0 1.8 8.5 4.0 63.3
6 4.0 1.9 9.0 12.0 65.9
7 4.0 1.8 9.0 8.0 69.3
8 4.0 1.8 9.5 4.0 63.9
9 4.0 1.8 9.0 8.0 70.2
10 4.5 1.8 9.0 12.0 63.4
11 3.5 1.7 9.0 8.0 62.5
12 4.0 1.7 9.5 8.0 59.2
13 4.5 1.8 9.0 4.0 67.0
14 4.0 1.7 9.0 4.0 61.9
15 3.5 1.8 8.5 8.0 68.7
16 4.0 1.8 9.5 12.0 59.3
17 4.0 1.7 8.5 8.0 61.8
18 4.0 1.9 9.5 8.0 64.3
19 4.0 1.8 9.0 8.0 67.9
20 4.0 1.8 9.0 8.0 68.5
21 4.0 1.9 8.5 8.0 66. 6
22 4.5 1.7 9.0 8.0 63.2
23 4.0 1.8 8.5 12.0 64.3

FAUF, 5 e A GRS 10 T 25 A L i T O 29
L% 4
gy TEDREL BUE AR SR et
(X)) /1% (X)) (X;)/kPa (X,)/% (R)/%
24 4.0 1.8 9.0 8.0 71.2
25 4.0 1.7 9.0 12.0 59.1
26 3.5 1.9 9.0 8.0 68.5
27 3.5 1.8 9.0 4.0 67.2
28 3.5 1.8 9.5 12.0 64. 1
29 3.5 1.8 9.5 8.0 62.2

RS AENWER

Table 5 Variance analysis results

dHa HmE FMm BorM FE P e

RiE 14 303.270 21.660  26.450 <0.000 1
X, 1 1.140  1.140  1.390 0.2576
X, 1 97.470  97.470 119.000 <0.000 1
X, 1 17.280 17.280 21.100 0.000 4
X, 1 20.020 20.020 24.440 0.000 2
XX, 1 0.200  0.200 0.250 0.6268
XX, 1 15600 15.600 19.050 0.000 6
XX, 1 0.063  0.063  0.076 0.786 4
X1 0.022 0.022 0.027 0.8707
XX, 1 0.040  0.040  0.049 0.8283
XX, 1 7.840  7.840  9.570  0.007 9
X’ 1 7.350  7.350  8.970  0.009 7

X,’ 1 47.340 47.340 57.800 <0.000 1
X, 1 91.300 91.300 111.460 <0.000 1
X’ 1 56.030 56.030 68.410 <0.0001

Vs F ARG 34 07 55 40 9 349 07 22 1] ) 46 56F LA P
{EHE AR F T SR
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Fig. 5 Response surface plot of the influence of various parameters on the drum strength
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Fig. 6 Analysis chart of sinter drum strength simulation data
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Table 7 Metallurgical properties of sinter under

optimal sintering conditions
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