Metallurgical Engineering #4112, 2019, 6(4), 170-179 Hans X
Published Online December 2019 in Hans. http://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2019.64024

Study on the Optimal Batching Scheme for
Deoxidation Alloying

Chunliang Li2, Zhenling Tang3, Yiru Ma2, Jincai Chang!*

'School of Science, North China University of Technology, Tangshan Hebei

2Laboratory of 3D Modeling and Application Innovation, North China University of Technology,
Tangshan Hebei

*School of Chemical Engineering, North China University of Science and Technology, Tangshan Hebei
Email: ‘810793707 @qq.com

Received: Sep. 26", 2019; accepted: Oct. 11", 2019; published: Oct. 18", 2019

Abstract

With the continuous improvement of the production of high value-added steel in the steel industry,
how to optimize the control of the types and quantities of alloys through the process control mod-
el, and to ensure the quality of molten steel while maximally minimizing the production cost of al-
loy steel is the important issues to be addressed by competitiveness for improvement of major
steel companies. Firstly, the data preprocessing is carried out, and the data are interpolated and
eliminated by using the distance inverse ratio weighting algorithm and the Laida criterion. The
formula for calculating the yield of the alloy elements is obtained, and the C yield is calculated to
be 80% - 100%, and the Mn is collected. The yield was 85% - 100%. The gray correlation analysis
of the seven independent variables showed that the main influencing factors affecting the yield of
C and Mn were the converter end temperature and the converter end point C. The minimum cost
control model of the alloy is established to obtain that the lowest cost of 1 ton HRB400B steel
product is 18359.81 yuan. The optimal batching scheme is: 2.121988 tons of manganese-silicon
alloy FeMn68Si18 (qualified block), 0.1708846 tons of ferrosilicon (qualified block) and 0.01 tons
of silicon calcium carbon deoxidizer.
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Figure 1. Data preprocessing diagram
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Figure 2. Distribution of the original C yield
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Figure 3. Distribution of C yield after noise removal
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Figure 4. Distribution of raw Mn yield
4. [R3E Mn WS EM S E
1 Mn 25 IS i 5
. T T T T T T
1.05 -
; J
0.95 i
0.8 —
0.75 |
0.7 —
0.65 -
0.6 L L L L 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500
i

Figure 5. Distribution of Mn yield after noise removal
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Table 1. Gray correlation degree between various factors and yield of steel number HRB400B

%z 1. f¥S HRB400B EEZESW BRI RE XHKE

o r (5CHIR %) r (5 M)
B SR E 7 0.975855059 0.970844789
P2 5C 0.948269124 0.954705014
P& RS 0.884526696 0.800424359
P28 paSi 0.873163541 0.869426469
7K 0.898097845 0.874232018
14 (FeV50-B) 0.828030168 0.817617746
i AR R 0.890447768 0.884053679
ETE A 4-FeMn68Si18 0.881100762 0.873518067
AL E (55%) 0.741870742 0.730074774
P2 fMn 0.772499312 0.763513281
P2 P 0.588711594 0.583262979
PAEA S 0.720169022 0.732644545
TR 0.723865033 0.716167699
TEAR T 0.735236217 0.734989288
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Table 2. National standard content of each alloying element

F2 BAENEERWESE

B TLEREE(%)
e Tt
c Si Mn P S
P X | 0.19~0.25 0.50~0.65 1.30~1.60 <0.045 <0.045
HRB400B
HARE 0.23 0.55 1.45 0.04 0.04

AR 1 HRB400B 4K R EMA M X5 & MNEW R 3:

Table 3. Alloys required for refining 1 ton of molten steel

=3 B L RkEENE S
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T T () X RES () Xe FEER FeSi75-B Xs
N A4 A
Sy A SRR
(LRSS Yo FeMn64Si27 (&b Xu FeMn68Si18 (& k) Xz
AL TE (55%) X13 TR I 47 X1
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A sR1G C URIS SR TIME A 0.9225, Mn WS 3 TMIE A 0.9227, J#id A & SCrkfS 1 il
HRB400B #N/Kk & & n R M & &1t A X N[9]:
H b A S = U R A7 (14)

Gz TR

BRI R, 1 i HRB400B X7k H HMe 3 — i ik s X IR], 7ERR LA & 0 2 U 2 5 19 31 5

R 5% ZE 0N 1 G 26 0 1 DX TR AR Sy (55 4):
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Table 4. The interval of the added element mass
F 4. MARTRREHXIE

TREE (%)
c Si Mn P S

PR

BIERIEXH 0.206~0.271 0.5~0.65 1.409~1.734 <0.045 <0.045

it LAZ M R AR 20 A2 A
0.206 < (0,0.0031,0.0031,0,0.00374,0,0.017,0.0006, 0.0006, 0.96,0.017,0.017,0.3,0.225692308) X ' < 0.271
0.5<(0.74,0.012,0.012,0.341,0.285,0.3,0.072,0.767,0.767,0,0.172,0.172,0.56,0.392) X ' < 0.65
1.409 <(0,0,0,0,0,0.3,0.664,0,0,0,0.664,0.664,0,0) X' <1.734
0 <(0,0.00086,0.0006,0,0,0,0.0018,0.0004,0.0004,0,0.0018,0,0) X ' < 0.045
0<(0,0.0002,0.0002,0,0,0,0.0002,0.0002,0.0002, 0,0.0002,0.0002,0.0001) X ' < 0.045

iz Lingo SKfffs BI45 ROV AR K Ay 18359.81 Jt. H AP AERE X #4574 5):

Table 5. Various alloy dosages

=5 EMAEHE

X1 0.000000 Xs 0.000000 Xg 0.000000 X13 0.000000
Xo 0.000000 Xs 0.000000 X10 0.000000 X14 0.01
X3 0.000000 X7 0.000000 X11 0.000000
Xa 0.000000 Xg 0.1708846 X12 2.121988
~
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