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Abstract 

Aiming at the optimization of proportioning scheme for deoxidation and alloying of 
molten steel, this paper uses principal component analysis method and linear fitting 
theory to build a multivariate nonlinear fitting model, and comprehensively uses 
MATLAB, Python and other software to solve the problem. It concludes that the converter 
end point temperature and converter end-point elements will affect the alloy yield, and 
puts forward how to predict the combination of C and Mn Gold yield, give to meet the 
national steel product standards under the optimal proportioning scheme. 
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1. Introduction 

Deoxidation alloying in steel-making process is an important process in iron and steel smelting. 
At the end of smelting for different steel grades, different amounts and types of alloys should 
be added to make the alloy elements in the steel meet the standard. The yield of alloy is affected 
by many factors, and the prediction of the yield of alloy is related to input cost. In order to 
reduce the cost of steel smelting, more accurate the yield of alloy is needed to optimize the cost. 

At present, most of the domestic steel-making workshops calculate the input amount of alloy 
according to the fixed yield and empirical value of different elements, but the research and 
application of automatic batching optimization model are less. In China, vector machine model 
is mostly used to solve the problem of the yield of alloy and proportioning optimization in 
deoxidization alloying. 

Aiming at the problem of prediction of the yield of alloy and determination of addition amount 
in deoxidizing alloying operation of tapping, Han min, Xu Qiao et al. [1] proposed to establish 
prediction model of the yield of alloy rate by using support vector machine, and simulated with 
actual production data, which proved that the method can accurately predict. Based on the 
vector machine model, Xu Jian used genetic algorithm to optimize the parameters of SVM to 
improve the prediction accuracy. Xu Qiao [2] improved the dynamic domain multi-objective 
particle swarm optimization algorithm and applied it to the optimization model of converter 
alloy addition. 

In the aspect of influencing factors of deoxidization alloying element yield, Xu Zhe and Mao 
Zhizhong [3] put forward that the main influencing factors are oxygen activity of molten steel 
and steel slag, basicity of steel slag, stirring effect of argon blowing after adding alloy material, 
temperature and quality of molten steel and alloying time. Zhang Chunxia, Liu Liu et al. Used 
artificial neural network BP model to deal with the parameters of alloy element yield, and 
explored the weight of each influencing factor. 

However, the existing literature models may have shortcomings in different aspects, which 
need to be improved and improved, and solve the problem of high material cost in current iron 
and steel enterprises in a real sense. The theoretical model is applied to practical problems to 
bring profits for domestic iron and steel enterprises. 
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2. General analysis and term explanation  

2.1. Overall analysis 

This paper mainly studies the deoxidation alloying in steel-making process and forecasts the 
yield of main alloy elements in steel products after deoxidization alloying, and calculates the 
optimal burden according to the predicted yield. In view of this problem, we mainly divided 
into four steps to study. First, in the Excel data table, we directly use the formula to calculate 
the historical yield rate as the basis for prediction, and then use the principal component 
analysis method to analyze the factors affecting the the yield of alloy rate, and study the main 
influencing factors. Then, the multiple nonlinear fitting model was established to predict the 
yield of C and Mn, and the software was used to optimize the model to obtain reasonable 
prediction results. 

2.2. Model assumptions 

1. In the aspect of molten steel quality, it is assumed that the net weight of molten steel remains 
unchanged before and after deoxidization alloying. 

2. It is assumed that there will be no chemical reaction between the alloy additives, but only the 
required elements will be provided. 

3. It is assumed that there is no quantity limit on the stock of alloy. 

2.3. Explanation of terms 

1. Deoxidation alloying 

Deoxidizing agent is added into steel to make it react with oxygen, so that oxygen content in 
steel reaches the requirement of steel grade. Alloying is defined as the addition of necessary 
ferroalloy or metal to the steel to make its alloy content reach the specified standard of the steel 
grade. In general, deoxidation and alloying are carried out at the same time. 

2. The yield of alloy 

It refers to the ratio between the weight of alloy elements absorbed by molten steel and the 
total amount of added elements during deoxidization alloying. 

3. Converter end point temperature 

The temperature of molten steel measured before deoxidization alloying. 

4. Converter end point x 

The content of some element in molten steel before deoxidization alloying. 

5. Continuous casting sample x 

After deoxidization, the content of a certain element in the alloy water is tempered. 

2.4. Symbol description 

Table 1 symbol illustration 

Serial number Symbol Symbol description 

1 Yi The yield of alloy 

2 ai Continuous casting sample 

3 bi Converter end point 

4 g Net weight of molten steel 

5 di Percentage of elements in alloy 

6 Di Specific alloy input 

7 Xi influence factor 

8 yi Target values of main elements in national standard 

9 Pi Alloy price 

10 Zi Total input of elements 



Volume 1 Issue 5, 2020 

DOI: 10.6981/FEM.202005_1(5).0005 

34 

Frontiers in Economics and Management 

ISSN: 2692-7608 

3. Analysis of influencing factors of the yield of alloy  

3.1. Analysis of the problem 

In order to calculate the historical yield of C and Mn, the weight under the same net weight of 
molten steel should be calculated by comparing the initial content percentage with the content 
percentage after the process. The content percentage of C and Mn in different kinds of alloy 
ingredients and the input amount of different kinds of alloy should be sorted out. At the same 
time, the problem requires to analyze the influencing factors of yield according to the results. 
We first preprocess the data. For the screening with the same or similar end-point C and Mn 
contents, we observe the percentage of C and Mn content in the continuous casting normal 
sample. We observe and speculate that the converter end-point temperature, liquid steel net 
weight and the end-point content of other elements in the converter will affect the the yield of 
alloy of C or Mn. So we combined with the relevant data, using MATLAB software to carry out 
principal component analysis to verify whether our conjectured factors affect the the yield of 
alloy. 

3.2. Establishment of model 

Yi（The yield of alloy）=
(ai−bi)∗g

di∗Di
 

Model I—— principal component analysis 

Principal component analysis adopts the idea of dimension reduction. In practical problems, 
we must consider a variety of influencing factors. These factors are generally referred to as 
indicators, which can be solved by transforming multiple indicators into comprehensive 
indicators. The basic method of principal component analysis is as follows: n samples and P 
index data constitute the sample space X. 

First, the original data is arranged in rows to form a matrix X, which is input into Matlab. 

Second , the matrix X is standardized to obtain the standardized matrix A. 

𝐴𝑖𝑗 =
𝑋𝑖𝑗 − �̅�𝑗

𝑆𝑗
 

xj̅ = ∑ 𝑋𝑖𝑗
𝑛
𝑖=1 ，Sj

2=
∑ (𝑋𝑖𝑗−�̅�𝑗)2

𝑛
𝑖=1

𝑛−1
 

The third step is to find the matrix A, the correlation coefficient matrix B and the eigenvalue. 

○1 B=
𝑍𝑇𝑍

𝑛−1
 

○2 |λE − A| = 0 

The fourth step, select the important principal components, write the principal component 
expression. The first k principal components are selected according to the cumulative 
contribution rate of each principal component, and the cumulative contribution rate of K 
principal components is required to reach more than 85%. Namely: 

∑ 𝜆𝑗
𝑘
𝑖=1

∑ 𝜆𝑗
𝑝
𝑗=1

≥ 85% 

In the fifth step, for each eigenvalue, the eigenvector �⃗� . 

Bb=λjb 

In the sixth step, the standardized index variables are transformed into main components, and 
the scores of principal components are calculated, and comprehensive evaluation is made 
according to the scores. 
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3.3. The solution of the model 

Considering that different steel grades may have an impact on the yield of alloy, we screened 
the data through Excel and imported the data of different steel grades into the software 
separately. The team used Matlab software for programming (see Appendix for program code), 
and directly conducted principal component analysis on the data to obtain relevant results. 
After eliminating the factors without influencing variables, the results were as follows: 

 

Table 2 contribution rate of main factors affecting the yield of alloy 
influence factor 

Steel grade 
Converter end 

point temperature 
Converter 

end point C 
Converter 

end point  Mn 
Converter 

end point S 
Converter 

end point P 

HRB400B 39.6623 30.4062 10.4632 9.5626 9.8993 

HRB400D 40.4328 31.3969 9.4636 9.3126 9.2940 

HRB500B 38.2613 32.8342 11.2783 9.1914 8.4347 

HRB500D 39.4342 31.5943 10.1623 10.0005 8.8085 

Q345B 40.2712 35.1914 8.2642 8.1873 8.0858 

 

It can be seen from the above five charts that the converter end point temperature has the 
greatest influence on the the yield of alloy, followed by the converter end point C content. In the 
principal component analysis, the input amount of alloy ingredients is also considered, but the 
final results show that the alloy type and its input amount have little influence on the yield of 
alloy, and the composition ratio is about 0.0005, which can be ignored. 

Therefore, it can be concluded that the main influencing factors of the yield of alloy are the end 
temperature of converter and the content ratio of each element at the end of converter. 

4. Prediction of the yield of alloy based on multivariate nonlinear fitting 
model 

4.1. Modeling 

Model II——multivariate nonlinear fitting 

Multivariate nonlinear fitting is developed on the basis of linear fitting. Generally, if the effect 
of linear regression is not ideal, the model is further optimized to establish a nonlinear 
regression model. The specific analysis steps are as follows: 

In the first step, we assume that there is a linear correlation between the explanatory variables 
and the explained variables, and establish a multiple linear regression model. 

 

Y
t
=∂0 + ∂1𝑋1 + ∂2X2 + ⋯∂txt + εi 

Where, the random error term εi  obeys the normal distribution. Xt represents the input 
variable, and Yt represents the output variable. 

The second step is to calculate the correlation test of input variables. The partial correlation 
analysis is used to test whether there is a correlation between any two input variables. For 
example, let X1, X2, X3 have a correlation relationship with each other. In order to study the 
relationship between X1 and X2, it is necessary to assume that X3 remains unchanged and 
calculate the partial correlation coefficient between X1 and X2 as Rx1x2.x3. Similarly, according 
to the recursive formula, in the case of multiple variables X1, X2... Xt, the correlation test of 
output variables is calculated. 

The third step is to establish a multiple nonlinear regression model to judge the expression 
between Y and Xt. 
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Y = a0 + a1∑𝑋𝑖 + 𝑎2∑𝑋𝑖
2 + 𝑎3 ∑ 𝑋𝑖𝑋𝑗

1≤𝑖≤𝑗≤𝑛

𝑛

𝑖=1

𝑛

𝑖=1

 

Input data, using Python software to calculate the parameters, get the sample regression 
equation. 

The fourth step is to test the model by statistical analysis and F-test to judge whether the model 
passes the test. If not, it needs further optimization. 

4.2. The solution of the model 

The above factors such as converter temperature and the percentage of each element content 
at the end point were input into SPSS software as input variables, and the regression 
coefficients of each influencing factor were calculated.  

 

Table3 Regression coefficient table of influencing factors on the yield of C alloy 

influence 
factor 

Converter end point 
temperature 

Converter 
end point C 

Converter 
end point Mn 

Converter 
end point S 

Converter 
end point P 

Converter 
end point Si 

regression 
coefficient 

0.0087 0.0302 0.0048 0.00036 0.0096 0.0010 

 

The expression of the equation is as follows: 

Y=0.0087X1+0.0302X2+0.0048X3+0.0036X4+0.0096X5+0.0010X6+0.8894 

 

Table3 Regression coefficient table of influencing factors on the yield of Mn alloy 

influence 
factor 

Converter end 
point temperature 

Converter 
end point C 

Converter end 
point Mn 

Converter 
end point S 

Converter 
end point P 

Converter 
end point Si 

regression 
coefficient 

0.0094 0.0016 -0.0120 0.001 -0.0066 0.0072 

 

The expression of the equation is as follows: 

Y=0.0094X1+0.0016X2-0.0120X3+0.001X4-0.0066X5+0.0072X6 

4.3. Model checking and optimization 

 
Figure 4 Comparison between predicted value of element C and actual yield 
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It is found that the fitting degree R2 of the yield of C alloy equation is 0.6253144, the fitting 
degree R2 of the yield of Mn alloy equation is 0.506589. The historical data are input into the 
established model, and the real value obtained is compared with the predicted value of the 
model. The results are shown in the following figure: 

 
Figure 5 Comparison between predicted value of element Mn and actual yield 

 

From the above chart analysis, we can see that the prediction accuracy of the model for the yield 
of alloy rate is general, and there are certain errors. We think that the reason may be caused by 
relatively small sample size, missing data and other inevitable factors. Therefore, we improve 
the model. 

In view of the three characteristics of the original data, such as more missing values, larger data 
differences and smaller data scale, the following three optimization points are made in this 
paper 

First, Python is used to find the missing value, and the value is replaced by the adjacent value. 

Second, we use Python's sklearn library to standardize the values of all variables to eliminate 
the influence of different dimensions. 

 

R_squared1:0.905304；                 R_squared2:0.819901。 

 
Figure 6 Comparison of the real and predicted yields of C and Mn after optimization 
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Third, the operation of data amplification is carried out. On the basis of the original training 
data, random noise is added to obtain another new data. The new fitting data is obtained by 
combining the two data. 

After optimization, the goodness of fit of the model increases, and the prediction yield accuracy 
of C and Mn increases. 

We get a new set of boiler initial data by means of the existing filtered data, and input them into 
the model for prediction. The results show that the yield of C is 0.9118%, and that of Mn is 
0.9444%. 

5. Conclusion 

For steel-making enterprises, we search for information and know that deoxidation alloying is 
an important process link in steel smelting, and there are many materials needed in 
deoxidization alloying, Deoxidizer and alloy should be added to the steel furnace. At present, 
most enterprises take measures to calculate the addition amount of various alloys according to 
the fixed yield rate or empirical value of different elements, which may produce surplus after a 
series of reactions in the steel furnace, waste raw materials and increase the cost. In view of 
this, we have established the analysis and prediction model of influencing factors of the yield of 
alloy, combined with historical data to draw relevant conclusions. In the model establishment, 
we found that the converter temperature and the end-point elements in the steel furnace have 
great influence on the the yield of alloy. The higher the converter temperature, the stronger the 
reaction to steel furnace. According to our results, the following suggestions are also put 
forward:  

(1) the reaction temperature of the boiler should be increased appropriately, but it should not 
be too high.  

(2) Don't invest alloy based on experience, but through accurate model calculation. 

(3) The element content at the end of converter has a great influence on the the yield of alloy, 
so attention should be paid to the element content at the end of converter. 
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