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Effect of Manganese and Salfur on Austenite Grain Size and Recrystallized
Ferrite Grain Size After Cold Rolling of Low Carbon Steel

Masashi TARAHASHI

Synopsis:

A study was made of the effect of manganese and sulfur on the austenite grain size and recrystallized
ferrite grain size after cold—rolling in hot-rolled 0-035% carbon steels. No element for refining austenite
grains, such as aluminium, niobium etc., has been added in the steels, whose compositioris were similar
to that of rimmed steels for cold strip.

Manganese and sulfur contents were varied within the range of 0-1 to 0:4% and 0-01 to 0-03%, respec—
tively. Decrease of the manganese content or increase of the sulfur content reduced austenite grain size
of ASTM No 1~2 to No 7~8 of the hot-rolled steels which was measured after carburizing at 925°C
for 6 hr, and raised the austenite grain coarsening temperature. It was found that the hot-rolled steel
with densely dispersed fine particles of 100 to 500 A in diameter showed fine austenite grains, but the steel
with sparsely dispersed particles showed coarse grains. It was also found that the recrystallized ferrite
grains became finer, when the hot-rolled steel which showed fine austenite grains by carburizing at 925
°C was cold rolled and fully annealed. It was thus concluded that the refinement of austenite grains as
well as recrystallized ferrite grains results from the fine particles precipitated during hot—roll process, most
of which could be identified as B type MnS. :
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Table 1. Chemical composition (%).

T T , 7
Steell C  Si | Mo | S | P | O
1 | 0031 '<0-01] 0-10|0-010 | 0-010 | 0-020
2 | 0038 i<0-01| 016 | 0-010 | 0-011 | 0-017
3 | 0035 |<0-01 | 0-21 | 0-010 | 0-010 | 0-019
4 | 0037 '<0-01| 0310010 | 0-010 | 0-037
5 | 0030 <0-0L| 0-38|0:010 | 0-010 | 0-034
6 |0-034 <0-01 | 0-10 | 0-034 | 0-011 | 0-023
7 10032 {<0-01 | 0-16 ; 0-033 | 0-005 | 0-028
8 | 0-033 ‘<0°0l 0-22 | 0-038 | 0-012 | 0-033
9 10032 «<0-0f © 0-29 | 0-031 | 0-0i0 | 0-032
10 l 0'037!<:o~011 0-38 | 0-027 | 0-010 | 0-029
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Fig. 1. Effects of Mn and S on the austenite grain

size measured by carburization method.
Numbers on dots indicate grain size numbers.
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Steel 2 Steel 7
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$=0'010% §=0"032%
Steel 5 Steel 10
Mn =0-38% Mn=038%
S=0-010% $=0027%
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Photo. 1. Austenite grain structures of hot rolled samples carburized at 925°C for 6hr.
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Fig. 2. Relationship between the. austenitizing tem-
perature and the austenite grain size measured
by vacuum etching method.
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Fig. 3. Effect of Mn on the austenite grain
coarsening temperature.
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Photo. 2. Electron micrographs of precipitates in
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Photo. 3. Effect of heating on precipitates in hot rolled steels.

Photo, 4. Example of electron diffraction pattern of precipitates in hot rolled steel (Steel 6).
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Table 2. Comparison of interplanar spacings between analysis of electron 'dgﬂ'raction patterns
for fine precipitates and ASTM standards.

ASTM standards

Electron
diffraction a-MnS 8 -MnS 7 -Mn$ MnO FeS FeO
pattern 6-518 3-1065 3-1062 7-230 11-151 6-615
dA dA (hkl) dA (hkl) dA (hkl) dA dA dA
) 3-45 (100)
3-33 3:24 (111) 3-24 (002)
3-02 (111) : 3-06 (101) 2-98
2-80 2-80*(200) 2-66
2-61 (200) 2-57 2-52 2-48
2-33 2:36 (102) 2-22 2-14 2-15
2-09
2-10 198 (220) 1:99 (110) 1-92
185 (220) 1-83 (103)
1:72 1:69 (311) 1-73 (200) 1-75
1-69 (112) 1-72
1:58 (311) 1-62 (222) 1-67 (201) 1-57 1-63
1-51 (222) 1-52 (202) 1-50 152
1-40 : 1-40* (400) 1-35 (203) 1-34 1-42
1-31 (400) 1-28 (331) 1-30 (210) 1-28 1-33 1-30
1-25 (420) 1-28 (211) 1-32 1-28

* estimated from the lattice constant (these figures are not given in ASTM card)

UE
022, °Tg )
[e]
Schematic 1315//\:\\\C§i;\\\:\.T3T

representation / \
_ (7

Photo. 5. Example of electron diffraction pattern of a fine particle in hot rolled steel 6.
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Fig. 4. Effect of Mn and S on the ferrite grain size
of steels after 759 cold rolled and annealed.
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Photo. 6. Examples of ferrite grain structures of 759, cold rolled and annealed steels.
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Fig. 6. Isothermal recrystallization curves, of steels
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Fig. 8. Effect of heating before cold rolling on the
ferrite grain size of steels 4 and 7 anneal-
ed after 75% cold rolling.
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Fig. 9. Calculated solubility of sulfur at equilibrium
in austenite.
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