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The Microstructure and Toughness of Steels Corresponding to
the Chemical Composition of the Segregated Zone of the Plate

Kazuo YAMANAKA

Synopsis:

The microstructure and toughness of steels corresponding to the chemical composition of the segre-
gated zone in the plate by continuous casting process or in the ingot by non-continuous process were
investigated by means of microstructural observations and notch tensile tests to clarify the degree of
embrittlement of the segregated zone.

The nil-ductility transition temperature (NDTT) in notch tensile tests of the martensite-bainite
duplex “structure due to the high manganese and high phosphorus contents is above +200°C, while
that of the ferrite-pearlite structure containing low manganese contents with even high phosphorus
contents is below —100°C. Therefore, the embrittlement caused by the independent increase of phos-
phorus content is comparatively small, whereas the one caused by the formation of low-temperature
transformed structure due to the increase of both manganese and phosphorus contents is large. Here
the embrittlement becomes small by tempering at 650°C even when the low-temperature transformed
structure is formed. The fracture mode is transferred from cleavage to intergranular with the increase

of phophorus content, which bring about lower fracture strength.
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Table 1. Chemical composions of the steels (wt2;)

Steels| C Si Mn P S SolAl| N
1 0.1810.35 | 1.39 | 0.019] 0.014] 0.045/0.0066
2 10.18|0.34 | 1.38 | 0.10 | 0.014] 0.044/0.0060
3 0.1710.33 | 1.36 | 0.27 | 0.014| 0.044/0.0073
4 10.18]0.33 | 2.37 | 0.022 0.011| 0.048/0.0069
5 0.17}0.35 | 2.37 | 0.09 | 0.011} 0.047/0.0080
6 |0.20]0.32 | 2.41 1 0.30 | 0.011] 0.045/0.0073
N DI A s w9o/16
& :nl ’9\‘ /
I S, I -
= 50 <
k— 20 60 20—
100

Fig. 1. The shape of the notch tensile specimens.
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Table 2. The results of the notch tensile tests
and the metallurgical observations.

Notch tensile
Steels | H Micro- test
teels| Heat treatment | o ceure |NDTT| FATT
(°C) | G
1A 900°Cx1h A.C F4+P ~—2000 — 55
2A 4 4 —175| + 40
3A 4 4 —125{ +110
4A 4 F4+P+B —110] + 80
5A v F+B — 15/ +195
6A 4 F +B +M |> +200(> +200
1F [900°Cx1h F.C* | F+P —120] — 20
2F ” % —130| + 60
3F 4 4 —100] +120
4F 4 F+P+B —155 — 10
5F 7 Vs — 90| + 75
6F 4 F+B + 85/> +200
900°Cx1h W.Q NP B
IOT +650°C X l h A.C Tempered B < 200 ].00
20T 7 v —155 — 10
30T 4 4 —105] + 95
40T 4 Tempered-M| —180] —105
50T ” ” —130, 415
60T “ 4 — 20| <135
* The average cooling rate between 900 and 600°C is about
50°C/h.
F : Ferrite B : Bainite
P : Pearlite M : Martensite
8}
------ Fe-P ( Vogel )
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Fig. 2. The phase diagram of Fe-P binagy alloy.
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(a) the steel 3 (air-cooled)
(b) the steel 4 (air-cooled)
(c) the steel 6 (air-cooled)
(d) the steel 1 (quenched and tempered)
(e) the steel 6 (quenched and tempered)

Photo. 1. Typical optical micrographs of the steels containing various Mn and P contents.
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Fig. 3. The results of the notch tensile tests.
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Fig. 5. The measured FATT.
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Fig. 4. The measured NDTT.
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(b)

?
notch

(a) the steel 1 (tensiled at —196°C)
(b) the steel 3 (tensiled at —145°C)

Photo. 2. Scanning electron micrograph of the fracture surface of the furnace-cooled steels.

L
{
.

(b)

notch

(a) the steel 1 (tensiled at —105°C)
(b) the steel 3 (tensiled at —80°C)

Photo. 3. Scanning electron micrograph of the fracture surface of the furnace-cooled steels.
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(b)

notch

(2) the steel 4 (tensiled at —196°C)
(b) the steel 6 (tensiled at +50°C)

Photo. 4. Scanning electron micrograph of the fracture surface of the air-cooled steels.
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Fig. 6. Schematic illustration of temperature
dependence of fracture strength.
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. C: Cleavage fracture
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high P

Fig. 7. Schematic illustration of temperature dependence of fracture morphology.
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Fig. 8 Schematic diagrams of the relationship between the concentration of Mn, P

and microstructure, and NDTT.
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