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Effects of Silicon and Manganese Addition on the Morphology of
Sulfides in the As-cast State and Their Deformation Behavior in

Low Carbon Aluminum-killed Steels
Ichiro TSUKATANI, Masatoshi SUDO, and Hisashi TAKADA

Synopsis :

The morphology and distribution of sulfides in steel ingots having different silicon contents from 0 to
2.0% at 0.3 to 1.5% manganese contents were investigated with a directional-solidification technique.
The steels had carbon content of 0.05%, sulfur content of 0.059% and low oxygen content and they

were solidified at cooling rate of 5°C/min.

The deformation behavior of their sulfides during hot-rolling
after heating at 800°~1200°C was also investigated.

In the specimen containing 0% Si and 0.39;, Mn, the manganese sulfides in the as-cast state were

globular in shape and contained about 409 FeS (Globular sulfide is called type It.).

Silicon addition

above 1.19 changed the morphology of sulfides from type It to type III according to Sims’ classifica-

tion and decreased the FeS content of manganese sulfide.

Type II sulfide was observed in the specimens

containing manganese in the range of 0.6~1.5% at 0% Si.

The relative plasticity of sulfides increased as the heating (=rolling) temperature decreased from
1200°C. While with type II in 1.09 Mn steels the trend continued to 800°C, with type It and III
in 0.3% Mn steels maximum plasticity was encountered at 1000°C. The decrease in relative plasticity
had a close relationship with the increase in the FeS content of manganese sulfides and the decrease in

manganese sulfide size.
was thought to be due to presence of FeS.
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2.1 i
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Table 1. Chemical cbmposition of specimens

(Wt%).

steel C Si Mn P S Al 0

0.05 tr 0.28 0,008 0.037 0.019 0.001
0.04 0.29 0.32 0.007 0.050 0.015 0,004
0.06 0.53 0.28 0,006 0,042 "

0.05 1,07 0.29 0.005 0.038 0,027 "
o« 1,94 “ " 0.048 "
" tr 0.60 0.008 0,041 0,019 0,001

.04 0,01 0.91 0,009 0.043 0.011 0.004

0.05 1.06 0.95 0,005 0,042 0.027 "

Ll l 0 97 " " " n ”n

0.04 0.01 1.44 0.007 0.031 0,019 0,001
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a) Point-row type b) colony type
Photo. 1. Typical type I sulfide in steel CL
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a) steel Al b) steel Cl
c) steel A5 d) steel C5

Photo. 2. Change in morphology of manganese
sulfides in as-cast state as a function of bulk con-
tent of silicon and manganese.
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Fig. 1. Changes in composition of sulfide inclu-

sions as a function of bulk content of silicon and
manganese.
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FeS content in sulfide (°%)

Fig. 2. Relation between interplanar spacing of
separated residues, obtained by X-ray diffraction
and FeS content in manganese sulfides.

(Open and filled marks of lozenge are respective
data-points of synthetic sulfide and sulfide sepa-
rated from iron and steel examined by Ismn2®

50F (a) -(b) .’
4O0F Cooling rate - D /
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Fig. 3. (a) Change in sulfide size (type It, [I)
as a function of bulk content of silicon.
(b) Changes in particle size (d ) of point-row type
sulfide (type II), colony size (D) of colony type
sulfide (type I[) and average sulfide side (d) as
a function of bulk content of manganese.

2 —
vV
A: Area of colony type sulfide island average

sulfide size:

o n‘,//n.
Za D,
4 \/4 .i=214d1+1=2-14 ’

colony size: D=

d =

T n’+n'l
n': particle number of point-row type sulfide
n'": number of colony type sulfide
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Fig. 4. Change in composition of sulfide inclusions
as a function of heating temperature.
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a) steel Al hot-rolled to reduction of 75%
b) steel Cl hot-rolled to reduction of 50%
c ) steel Cl hot-rolled to reduction of 75%

Photo. 3. Scanning electron micrographs of man-
ganese sulfides after hot-rolling at 1 000°C.
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Fig. 5. Change in relative plasticity of sulfides as
a function of heating temperature prior to hot-
rolling.
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Fig. 6. Relation between relative plasticity of
sulfides of specimen rolled at 800°C and FeS
content in manganese sulfides.
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Fig. 7. Relation between relative plasticity of
sulfide and size of sulfide.
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Fig. 8. Schematic diagram of misfit volume bet-
ween deformed sulfide (solid line) and a homo-
geneously deformed steel element (broken line),
caused by high hardness ratio of sulfide to matrix
during hot-rolling.
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Fig. 9. Calculated relative plasticity value as a
function of hardness ratio (8) and sulfide size
(dy) , using a misfit volume model.
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