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Improvement in Impact Properties of 80kg/mm® Grade High

Tensile Strength Steel Plate

Synopsis:

Seiichi WATANABE, Hiroo OHTANI,

Kazuo SAKAI, and Hiromi UCHIMURA

High tensile strength steel plate of 80kg/mm?2 grade which contains rather higher Al content in order
to make a small amount of boron effective, shows in some cases very poor impact property in trans-

verse direction.

Authors made systematic investigations about manufacturing processes from slab rolling to plate roll-
ing as well as chemical compositions such as nitrogen and titanium.

It was found that poor impact energy in transverse direction was caused by AIN which precipitated
concentratedly at the austenite grain boundaries during slow cooling after slab rolling and afterwards
on the stage of plate rolling modified its distribution to line in row to longitudinal direction.

The ways to get the improved impact energy in transverse direction were also found as follows:

Cv o OO N —

. a small amount of Ti addition.

lowering the finishing temperature in slab rolling below 1 100°C.

increasing the cooling rate after slab rolling above 15°C/ min.

raising the heating temperature before plate rolling above 1100°C so that AIN re-dissolves.
decreasing the nitrogen content as low as possible.

The methods 1-3 are intended to modify the distribution of AIN and the ones 4-5 to decrease the

amount of it.
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Table 1. Chemical compositions of steels used (wt%;).

Steel | C | Si | Mn| P s lcu | Ni | ar IMol v 5211 B N Ti
s 10.13]0.28]0.85|0.011] 0.003/ 0.24 | 0.88 | 0.45 | 0.41 | 0.05 | 0.052 | 0.0020 | 0.0065 | —
T36 | 0.09 | 0.24 | 0.78 | 0.002 0.003 0.26 | 0.96 | 0.42 | 0.42 | 0.03 | 0.057 | 0.0008 | 0.0052 | —
T37 | 0.11 | 0.25 | 0.79 | 0.002| 0.003 0.26 | 0.97 | 0.43 | 0.43 | 0.03 | 0.060 | 0.0009 | 0.0044 | 0.015
T38 | 0.11|0.25 | 0.79 | 0.003| 0.003 0.26 | 0.97 | 0.44 | 0.44 | 0.03 | 0.056 | 0.0006 | 0.0048 | 0.024
T39 | 0.09 | 0.24 | 0.79 | 0.003| 0.003| 0.25 | 0.98 | 0.44 | 0.44 | 0.03 | 0.052 | 0.0006 | 0.0046 | 0.031
T40 [ 0.11 [ 0.25 | 0.80 | 0.003 0.003| 0.25 | 0.98 | 0.45 | 0.45 | 0.03 | 0.064 | 0.0012 | 0.0106 | —
T41 | 0.10 | 0.25 | 0.79 | 0.003{ 0.003| 0.26 | 0.98 | 0.44 | 0.44 | 0.03 | 0.063 | 0.0007 | 0.0112 | 0.020
T42 | 0.09 | 0.25 | 0.80 | 0.003 0.003| 0.26 | 0.98 | 0.44 | 0.44 | 0.03 | 0.063 | 0.0008 | 0.0111 | 0.031

Aims of experiments siab rolling

plate rolling Heat treatment

1300°C x 1 hr

Slab rolling conditions

1200m900;€ Hed

controlle o

- 2. cooling 900°C
AC AC

reduction:100 —> 45t

1100°C x 1 hr

45 —> 17t

1300°C x 1 hr

Heating temperature before .
1200°C

" plate rolling ’ FC

reduction: 100 —> 45t

1250°C x 1 hr 900°C.x 1 hr 0Q

°C +
640°C x 1 hr AC
900°C
AC

45— 17t

As-veceived slab

Cross rolling ratio

(industrial production)

1250°C x 1 hr
110q°C

C

AC
reduction: 100 —> 17t

Rolling direction of mark C at plate rolling is perpendicular to that of slab rolling

otherwise same to slab rolling.

Fig. 1. Conditions for slab and plate rolling processes.
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Fig. 2. Procedures for observation of AIN.
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Fig. 3. Influence of cooling rate after slab rolling
on impact transition curves.

(Heating temperature before plate rolling:
1 100°C)
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Fig. 4. Influence of the cooling rate after slab
rolling and the finishing temperature in
slab rolling on E&.
+E¢ : impact shelf energy in C direction.
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Fig. 6. Influence of finishing temperature in slab
rolling on RA in tensile test.
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plate rolling : 1 100°Cx 1h rolling-AC
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Fig. 8. Influence of Ti and N content on ,ES.
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- A Slab rolling : 1300°CX th rolling-FC  Plate rolling : 1 100°C X 1h rolling-AC
Photo. 1. Microstructures with AIN extracted from steels S by extraction replica technique.

>

<

-4 Photo. 2. Microstructures with AIN extracted from fractured surface of steel S
by extraction replica technique.
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Photo. 3. Distribution of Al in steel S observed
by ion micro-probe mass analyser.
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Photo. 4. Microstructures with AIN extracted from steel S by extraction replica technique.

Finishing temperature of slab rolling :

(A) 1150°C (B) 1100°C (C) 1050°C (D) 1000°C
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Photo. 5. Influence of reduction temperature on

the precipitation behavior of AIN.

Reduction temperature : (A) 1200°C (B) 1100°C (G) 1000°C (D) 900°C.
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Fig. 9. Influence of holding temperature, interval
and reduction on the precipitation of AIN
of steel T38.
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Fig. 11. Influence of reduction on the precipitation
behavior of AIN.
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Table 2. Summary of the phenomenon.

Items

Contents

1. Cooling rate after slab

vEs and RA in C direction of quench-tempered plates which are slowly

rolling. cooled after slab rolling are inferior to those of rapidly cooled ones.

2. Finishing temperature of
slab rolling.

Ductility in G direction is improred by lowering the finishing
temperature of slab rolling below 1 100°C.

3. Heating temperature
before plate rolling

Ductility in G direction of quench-tempered plate whose heating temper-
ature before plate rolling is 1250°C is superior regardless of cooling
condition after slab rolling. Slabbing conditions affect when heating
temperature before plate rolling is below 1 100°C.

4. Microstructure.

AIN precipitate in row in the specimen whose ductility in C diredion
is inferior. AIN are observed also in the same fashion on the fracture
of G direction specimen.

1300°C

£1150°C

Slab rolling v} o,,

AIN
not redisso]ved.-@:‘

¢ direction L direction
| direction L - - 1

Fig. 10. Schematic representation of the present phenomenon.
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