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Synopsis :

The effects of Mn—-S-O contents balance, carbide morphology, and size of Mn$ precipitate on the deep

drawability of cold rolled steel sheet was studied.
The obtained results are as follows.

(I) In the case where the K-value [=Mn (%)—55/32 S (%) —55/16 O (%)] is about —0.1, the deep
drawability of box annealed sheet is improved by low temperature coiling, because S remains in solution

in hot bands.
coiling because S precipitates as sulfide.
not occur in low C rimmed steel sheet.

The deep drawability of the continuously annealed sheet is improved by high temperature
When the K-value lie between 0 and 0.1, these phenomena do

(2) The improvement of the deep drawability of low C rimmed steel sheet by high temperature coiling
in hot bands is not attributed to the growth of MnS precipitate but to the coarsening of carbide.
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Table 1. Chemical composition, hot rolling condi-
tion, and grain size of samples.

Chemical compositions (wt %)
Mn P S N [¢]
0.050 026 0.010 0.016 0.0022 0.053 0.05 860 600 90

K *Hot rolling (°C)(3 s
volue FT. CT. No

Steel

I

2 0050 026 0010001800019 0052 0.05 B60 680 8.5
3 0040 027 00I| 0,024 0.0015 0052 0.05 860 600 9.
4 0040 028 0OII 0.0240.0017 0.050 0.07 860 690 86
5 0040 027 00I| 0.024 0.0016 0.052 0.05 860 725 82
6 0004 0.14 0003 0.007 0.0039 0.058 -0.07 72
7 0002 0.8 0002 0.004 0.0027 0.044 0.02 44
8 0002 022 0002 0.005 00025 0.044 0.06 55
9 0.002 028 0.002 0.004 0.002) 0.040 0.14 55
10 0002 032 0.002 0.0040.0024 0.040 0.18 50
Il 0003 0.14 0003 0.021 0.0038 0.057 -0.10 73
2 0002 0.19 00050021 0.0041 0.056 -0.04 65
I3 0002 0.19 0002 0.020 0.0026 0.046 0.002 5.2
14 0002 025 0.002 0.020 0.0024 0.043 0.08 a9
15 0002 030 0.002 0.0/9 0.0025 0.044 0.12 55

* - o)- $55(241-250(¢
K-value = Mn(%) 325( o) I204 o)

Table 2. Heat treatment conditions of hot bands.

No. Heat treatment

Al 900°C x 3 min AC.

Az “  x30min " {750°Cx Ihr AC+400°C
A3 “  x60min xlhr F.C
Bi “ x3 min *

B2 “  x30min " 750°Cx lhr F.C.

B3 *  x60min "
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Fig. 1. Effect of hot coiling temperature on the
of cold rolled rimmed steel

mechanical properties
sheets.
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Photo. 1.

Change in metallurgical factors of hot bands (steel 1) by heat treatment of Table 2.

Table 3. Metallurgical factors of hot bands coiled
at low and high temperature.

Hot coiling temp. (°C} 600 680

Grain size number 9.0 8.5

Carbide morphology fine coarse

Size of o{ -MnS [A) 1,000~2,000 1,000~2,000

Size of 8-MnS (A) 100 ~500 200~500

Mean size of 8-MnS (A) 190 230
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Fig. 2. Effect of heat treatment on the mechanical
properties of rimmed steels, cold rolled 75%,
annealed at 700°C for 1 h.
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Fig. 3. Effect of Mn and S contents on the 7-
value of low and high S steels, cold rolled 759,
annealed at 700°C for 1h.
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Photo. 2. Microstructure of high S steels, cold rolled 759, annealed at 700°C for 1 h.
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Fig. 4. Effect of Mn content on the X ray
reflection intensity of high S steels, cold rolled
75%,, annealed at 700°C for I h.
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Fig. 8 . Sulfur in solution and precipitation
condition during reheating and after hot rolling.
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