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The Effect of Oxygen Content on the Formation Behavior of Sulfides of MnS System
and the Machinability of Low Carbon Resulphurized Steel

Kohichi Isose, Yoshiaki Kusano and Hirobumi MAaEpE

: Study was made to clarify the effect of oxygen content on the formation behavior of sulfides of MnS system and the
machinability of resulphurized free-machining steel and the mechanism of the effects of oxygen.

In the case of high oxygen heats about 0.02mass%0, the solid oxides rich with MnO are formed at the early stage
of solidification and these oxides facilitate the heterogeneous nucleation (H.N.) on MnS crystallization. This leads the
enlargement of MnS inclusions and decrease of the amount of FeS solution in MnS inclusions. In the case of low oxygen
heats less than about 0.01mass%0, there aren’t so many oxides which act as the site of H.N. that MnS forms at final
solidification. Thereby MnS inclusions are small and the amount of FeS sclution in MnS inclusions increases.

Increase of oxygen content improves the surface roughness of plunge cutting and drill life as formerly reported. The
mechanism of effect of oxygen content on the machinability is estimated as follows. The difference in oxygen content
affects the morphology, size and deformability of MnS inclusions. These changes in MnS inclusions have effects on
the behavior of formation and falling of built-up-edge and the friction between chip and tool, through the deformation
behavior of MnS inclusions in front of the top of tool.

resulphurized free-machining steel ;
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Table 1. Chemical compositions of samples(mass%).

Sapmle C Si Mn P S Mg: TN T.O T.Al
A 0.109 <0.001 0985 0.083 0.356 0.003 0.0006 0.0195 0.001
B 0.109 0.008 0.978 0.081 0.351 0.003 0.0005 0.0082 0.001
C 0.077 <0.001 0.872 0.093 0.351 0.001 0.0076 0.0299 0.001
D 0.102 0.001 098 0.090 0.333 0.001 0.0053 0.0170 0.001
E 0106 0.009 0999 0.090 0.346 0.001 0.0044 0.0103 0.001
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Table 2. Test conditions of plunge cutting and drilling.

Test Plunge cutting Drilling
Tool H.S.S:JIS SKH57 |H.S.S:JIS SKH51
Feed 0.035(mm/rev) 0.33 (mm/rev)
Cutting oil Spindle oil Spindle oil
Cut size Width:5mm 104 XDepth:30mm
Sample 50mmé, Hot forged | 50mm¢, Hot forged
Cutting speed 80(m/min) X2.9(s) | 60~85(m/min)
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Fig. 1. Composition images of back scattered elec-
tron of MnS inclusions and oxides in ingots.
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Fig. 2. Relation between total oxygen contgant(’_l“.
0) and mean diameter of MnS inclusions in
forged samples.
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Fig. 3. Relation between mean diameter of MnS
inclusions and mean aspect ratio(H/V) of
MnS inclusions in forged samples.
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Fig. 4. Relation between Fe content and aspect
ratio(H/V) of MnS inclusions in forged
samples.

Table 3. Mean contents of Fe and O, and mean
aspect ratio (H/V)of MnS inclusions in
forged samples.

Sample Fe content O content | Aspect ratio(H/V)
A 3.58(mass%) | 0.17(mass%) 5.17
B 5.11 0.07 12.32
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Fig. 5. Relations between total oxygen content(T.
and surface roughness(Rz), drill life
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Table 4. Numbers and ratio of MnS inclusions
combined with and without oxides and
mean diameter, area fraction of MnS
inclusions at quarter of ingots.

Sample (Ingot) A B
With/Without oxides With |Without| With |Without
Number/0.25mm? 27 41 21 357

Ratio (%) 39.7 60.3 5.6 94.4
Mean dia. of MnS (mm) 6.34 2.40
Area frac. of MnS(%) 2.14 1.54

Table 5. Numbers and kinds of oxides at quarter of

ingots.
Sample A (Ingot) Sample B(Ingot)
Kinds Number/0.125mm? Kinds Number/0.125mm?
Mn-Fe-(M)-O 64 Mn-Fe-O-(S) 29
-(S) Mn-Fe-(M)-O 9
(M:P, Si, Ti) -(S)
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Fig. 6. Change of mean diameter(Dm) of MnS
inclusions on cooling.
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Fig. 7. Change of mean Fe content of MnS inclu-
sions on cooling.
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Fig. 8. Changes of amount of oxides and MnS inclusions during solidification calculated by mathematical
model of crystallization.
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