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In-situ Observation of Nucleation and Growth of Acicular Ferrite in Weld Metal

Hidenori TERASAKI, Tomonori Y AMADA and Yu-ichi Komizo

Synopsis : Acicular ferrite is regarded as being the most desirable microstructural feature, from the strength and toughness point of view, in mild and

low alloy steel weld metals. Recent evolution and diversity of mechanical property for base metal demand the same property to the weld.

Thus, the understanding of the formation mechanism of acicular ferrite microstructure in weld is one of the essential issues for low alloy steel

welds.

We have suggested that high-temperature laser scanning confocal microscopy was suitable system to make clear the nucleation site of pre-

cipitate in rapid cooling process, such as welding. In the present work, the morphological development of acicular ferrite, was in-situ ob-

served during weld cooling. The sample designed to form acicular ferrite microstructure was heated and cooled in infrared imaging furnace

and the morphological developments were directly observed using laser scanning conforcal microscopy.

The nucleation and growth at inclusion, sympathetic nucleation and impingement events of acicular ferrite were directly shown in high-

time resolution.
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Table 1. Weld metal composition, mass%.

C Mn P S Si Mo V Nb Al T B O N

0085 1.75 0015 0.006 037 0.1 004 0.022 0035 0015 40 480 41

*Values are given in ppm
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Fig. 1. Schematic illustration for the optical system in high
temperature laser scanning confocal microscopy
system.
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Fig. 2. Time-temperature diagram for thermal cycle set
and outputted in infrared furnace.
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Fig. 3. In-situ observation of morphological development along thermal cycle shown in Fig. 2 (637622 centigrade): The corre-
sponding temperature was (a) 637°C, (b) 634°C (¢) 626°C and (d) 622°C, respectively. The aspect ratio of ferrite plate

marked ‘HA’ resulted in 0.06.
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Fig. 4. In-situ obscrvation of morphological development
for acicular ferrite plates nucleating at inclusion.
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Fig. 5. Calculated isothermal segregation curve of boron
in y-austenite grain boundary.
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Fig. 6.

In-situ observation of morphological development along thermal cycle shown in Fig. 2 (621-613 centigrade): The corre-

sponding temperature was (a) 621°C, (b) 618°C (c) 615°C and (d) 613°C, respectively.
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Fig. 7. In-situ observation of morphological development for sympathetic nucleation.
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Fig. 8. In-situ observation of hard impingement between acicular ferrite plates.
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Fig. 9. In-situ observation of morphological development along thermal cycle shown in Fig. 2 (608-552 centigrade): The corre-
sponding temperature was (a) 608°C, (b) 598°C (c) 593°C and (d) 552°C, respectively.

Fig. 10. Summaries of growing directions of acicular fer-
rite.

Fig. 11. Post-cooled microstructure of the specimen along
the thermal cycle shown in Fig. 2.
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Table 2. Weld metal composition, mass% (high [Al]/[O]
ratio).

C Si Mn P S Mo V Nb Al i B O N

0086 039 1.81 0.017 0.006 0.1 004 0022 0073 0.013 40 480 35

*“Values are given in ppm

Fig. 12. In-situ observation of morphological development
of bainite for the specimen of high [Al}/[O] ratio,
at 566°C. The chemical composition of the sam-
ple corresponds to Table 2.
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Fig. 13. Post-cooled microstructure of the specimen of
high [Al]/[O] ratio. The chemical composition of
the sample corresponds to Table 2.
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