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Three-dimensional Observation of Ferrite Plate in Low Carbon Steel Weld

Masato ENOMOTO, Yohei INAGAWA, Kaiming WU, Shigenobu NANBA and Toshio MURAKAMI

Synepsis : The early stages of the formation of acicular ferrite in a low carbon steel weld were studied by serial sectioning and computer-aided three di-

mensional (3D) visualization. The specimens were taken from the weld of low carbon steel, containing 0.08% C, 0.9% Si, 1.57% Mn and
0.032% O, and were austenitized and isothermally reacted at 600 and 570°C for less than 10s. Very thin and long plates were formed initially
and thickening occurred probably after lengthening was hampered due to impingement on prior austenite grain boundaries and/or pre-formed
ferrite plates. Multi-variant ferrite plates were nucleated at inclusions and grew radially in the directions close to (1 10)7 with habit planes
near {111}, thus forming a characteristic “Widmanstitten star” noted earlier in a medium carbon steel on polished surfaces.
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Table 1. Chemical composition of weld wire and specimen

(mass%).
Weld wire Welid deposit

C 0.11 0.078

Si 1.25 0.90

Mn 220 1.57

Ti 0.26 0.03

O ¥ 0.0320

N - 0.0050

S - 0.0059

* Not measured.

1350°C 150sec.
1200°C 20 min

570 & 600°C

~0.05°C/s

Water quench

Fig. 1. Schematic illustration of heat treatment of speci-
mens.
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Fig. 3. (a) Optical micrographs and (b) 3D-reconstructed
image of specimens isothermally held at 600°C for
Is.
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Table 2. Mean plate length, width and thickness measured from 3D-reconstructed images (in ym).

600°C

1s (20)

10s (18)

570°C

15 (36) 5s (18)

Length (um) 22.149.1

Width (um) 3.1£1.9
Thickness (um) 0.88+0.37
Length / width 7.1

Length / thickness 25.1

13.1£8.4

59439

2.1+1.2

10.8+4.5 18.1+£7.0

2.8+1.4 4.6x1.8

0.66+0.25 1.940.6

2.2 4.5 42

6.2 16.4 10.1

Fraction transformed (%) 7.9

62.0 254
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Fig. 9. Plot of width against length of ferrite plates, (a)
formed at 600°C, and (b) formed at 570°C.
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Table 3. Data on the habit plane and growth direction of ferrite plate in Fe—C base alloys.

Growth direction or

Alloys Morphology Habit plane maximum dimension Refs.
Probably  grain
Plain carbon steel ~ boundary Unique {111}, [26]
sideplate
Plain carbon steel Gram boundary Unique {111}, [8]
sideplate !
. 4~20° from
O =y o7
Fe-C-Si Sideplate 11, [27]
Widmanstéatten (free surface)
ferrite (grain ~12° from {111},
Fe-0.45C & (away from free (3]
boundary
sideplate) surface) closer to
° (111},
A Am Grain boundary Within 0~5° of Deviate up to ~12° -
Fe-0.47C sideplate 1114110} from <110>, //<111>, [4,28]
Widmanstatten
Fe-0.6C-2Si ferrite  (grain 9~11° from {111}, (5]
boundary
sideplate)
Fe-0.2C-1 8Mn-0.4 Intragranular
e.ab L e ferrite (acicular {310 15}, [25]
4Si (weld deposit) . i
ferrite)

Fig. 11

a)

b)

. (a) ldentification of crystallographic indices of the

longest direction and broad face of plate 11 in Fig.

4(b). (b) Schematic illustration of

rections in the austenite matrix.
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Table 4. Crystallographic indices of broad face and growth
direction of plates in Fig. 4b.

1 (11Tfo11] or iT0) D1
2 (T1Jo11] ‘ c1
3 (11 1fiTo] orlo11] D2
4 (111 To] A1
5 (1T 1)o11] c1
6 (T1i)fio1] ' B
7 (T1‘11101] 7 Bl
8 (1T1fon) c1
9 (1111101 [011] or [1T0] D-3*
10 (1T 1)o11] C-gx*
11 (fito Al
12 L (Tror) c1
13 (111)[ 0} Al

* The growth direction can not be determined uniquely.

** A significant deviation from the directions shown is observed.
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