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The evolution of inclusions in high quality GCr15
bearing steels during secondary refining process
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Abstract; Based on the productive process of BOF-LF-RH-CC for GCrl15 bearing steels and using FE-SEM/
EDS, evolution rule and mechanism of the inclusions in LF and RH refining process have been
studied. Results show that two types of evolution manners of the complex inclusions for the steel during
refining process are summarized. The complex inclusions originate from Al, O;and then change to MgO -
Al,O; - (CaO-MgO-AL,O;-(CaS)) and (AL, O;-MnS) — (ALO;-MnS- Ti (C, N)) respectively.
Desulfurization effect is obvious in LF refining process, and sulfide inclusions in steel decrease
significantly. The main inclusions at the beginning of LF refining process are some simple inclusions such as
MnS, Al,O,, TiN, etc. At the end of LF refining process, the inclusions are compounds which Al, O is
covered with MnS, TiN, Ti(C, N) or CaS on the surface. CaO in refining slag and MgO in refractories are
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easily reduced by aluminum and carbon in the steel and then Ca and Mg will react with the dissolved oxygen
in steel, which leads to the number of D-type inclusions increasing at the end of LF refining. After RH and
soft blowing process, sulfide inclusions are removed further, the number of D-type inclusions and complex
D-type inclusions covered with A-type and T-type inclusions increase. During the LF refining, the size of
inclusions mainly concentrates in the range of 1-3 pm. During the RH refining, the size of inclusions mainly
concentrates less than 1 ym. The maximum size of the inclusion changes from 10.79 pym to 5.68 um, and
the number of inclusions in per square microns decreases from 372/mm? to 258/mm*. RH and soft blowing
process have removed the inclusions larger than 3 pm in steel effectively.
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Table 1 Main technologic parameters of GCrlS bearing steel in sampling

T Jib B st WG Aib T i b T I
[f] / min (Nm® «h™')  jHE/C A/ C
LF 90 410 1530 1581
RH 20 800 1 570 1535
BRI 30 166 1535 1519

®2 GCrls HAMEHTERNFIRFTE
Table 2 Sampling plans of GCrl5 bearing steel during refining
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Table 3 Chemical composition of GCrl5 bearing steels during secondary refining %

C Cr Mn S Si P Al Ti Ca T.[O] T.[N]

LF 1 0.947 1.43 0.36 0.007 0.20 0.012  0.043 0.002 1 0.000 2 0.002 4 0.003 9

LF 9 0.982 1.45 0.39 0.003 0.23 0.012  0.029 0.002 2 0.001 6 0.001 3 0.003 8

RH1 0.975 1.45 0.40 0.003 0.23 0.012  0.023 0.002 2 0.000 7 0.000 9 0.004 2

RH9 0.970 1.45 0.39 0.004 0.23 0.012  0.020 0.002 2 0.000 7 0.000 7 0.004 3
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Table 4 Chemical composition of LF refining slag of GCr1S bearing steels %
CaO Si0, Al Oy MgO FeO MnO Ti, O S
LF Jff 53.30 4.90 38.90 0.45 0.70 0.10 0.10 -
LF 2 5 i 58.41 5.36 30.54 2.74 0.31 0.04 - 1.48
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Fig.1 Composition and morphology of typical inclusions in thesamples sampled from the beginning of LF
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Fig.2 Composition and morphology of typical inclusions in the samples sampled from the end of LF
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Fig.3 Composition and morphology of typical inclusions in the samples sampled from RH refining
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Fig.4 Surface scanning results of typical composite inclusions in the sample
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Table 5 Percentage of various types of inclusions in different refining process %

AR B D% T2 DR+AR/TH
LF1 47.83 17.39 8.70 17.39 8.70
LF2 29.17 4.17 41.67 12.50 12.50
RH1 24.00 4.00 44.00 12.00 16.00

RH9 16.67 4.17 45.83 12.50 20.83
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Table 6 Number, size and size distribution of inclusions during refining process

. - Je kB BT AL A% e 2= Py R S IR o 4 L/ 4
1 #/pm B/A B/ smm™) >5,m 3~5um 1~3uym  <1pm
LF1 1.91 177 372 5.08 12.43 55.94 26.55
LF9 1.82 164 345 4.88 9.15 53.04 32.93
RHI1 1.40 140 294 1.71 7.57 39.29 51.43
RH9 1.07 123 258 0.51 1.13 38.21 60.15
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