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Abstract: In order to detect the effect of Mg on the inclusions in 20CrMo gear steel the smelting experi—
ments of Mg addition to gear steel were carried out by using a high-temperature tube electric resistance
furnace.Combined with the methods of SEM and OM the morphology and composition of inclusions in this
steel were characterized.And the change mechanisms of inclusion compositions in the steel were also in—
vestigated with thermodynamics under various Mg additions. Experimental results showed that the density
of inclusions amount in steel was in range of 40~65 mm”.With Mg content of 8x10™° the equivalent di—
ameter of inclusions increased from 2.93 to 3.28 um whereas with Mg content of ( 21~38) x10™ the e—
quivalent diameter of inclusions was in range of 2.64~2.67 pum.With raising the Mg content in the steel

the percentage of single MnS inclusion reduced from 26.3% to 2.2% while the percentage of oxides in—
creased from 44.8% to 84.8%.Thermodynamics calculation indicated that the Mg with content of ( 2.63 ~
7.98) x10™° could completely modify the Al,O, into MgO * Al O, spinel; when Mg content is above 7.98

x10™® MgO inclusions were generated.It is concluded that the proportion of composite inclusions at 8 ppm
of Mg content was the maximum whereas the proportion of oxides was relatively lower which is beneficial
to improving the mechanical properties of gear steel.
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Fig.1 Flow chart of experiments
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Table 1 Chemical compositions of raw materials %
C Si Mn P S Mo Cr Al Ca Ni Mg
20CrMo 0.19 0.25 0.79 0.006 3 0.002 5 0.195 1.036 0.023 7 0.001 5
Ni-Mg 0.56 0.11 74.19 24.29
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Fig.2 Metallographic images of 5 schemes under various Mg additions
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Table 3 Percentages of inclusions under different equivalent diameters and Mg additions
1%
0~1.5 pm 1.5~3.0 pm 3.0~6.0 pm 6.0~10 pum >10 pm
1* 41 23 24 10 2
2" 22 30 34 13 1
3" 36 31 29 5 0
4% 33 34 24 9 1
5* 37 35 20 8 0
3 4 o
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Fig.4 Typical SEM images of 5 schemes under various Mg additions
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Table 4 Reactions in MgO * Al,O, spinel formation "

15K

2 Al +3 0 =AL,04(s)
Mg + O = MgO(s)

MgO( s) +Al,04( s) = MgO * Al,O4( s)

2 Al +4 0 + Mg =MgO * ALO4( s)

2 Al +3 O +MgO( s) = MgO « Al,O5( s)
Mg + O +Al,04(s) =MgO * AL,O4( s

—-11.62+45 300/T
4.28+4 700/T
0.60+1 083/T

6.736+51 080/T

—11.02+46 384/T
4.89+5 874/T
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