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3. TOPICS

Improvement of Weld Bond Toughness of Ultra-
Fine Grained Steel by Adding Al and Si Elements

Hai Qiu, Toshiyasu Nishimura and Kazuo Hiraoka - T

Metallurgical Processing, Corrosion Resistant Design and Welding Metallurgy Group

1. Introduction

Grain refinement has been verified to be an effective
means to increase fracture toughness of steel. However,
investigation showed that grain refinement hardly
increases the weld bond toughness, and the weld bond
toughness is mainly determined by the chemical
composition of base metal. In this study, our concern is
on increasing weld bond toughness by adding Al and Si
elements .

2. Effect of Al and Si elements on microstructure

Al and Si are ferrite-forming elements. Their
effects on microstructure can be reflected through
equilibrium diagram. Figure 1 shows the phase
equilibrium diagrams calculated with Thermocalc. y
phase region shrinks along the temperature axis and
shifts to high carbon side when increasing Si content.
Al has similar tendency as Si.

3. Weld bond toughness

Figure 2 shows the dependence of weld bond
toughness (Ep) on the equivalent carbon content Cqq
(=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15: 1IW). Ep
generally decreases with increasing C.,. However,
singular data which do not obey this law are present
for Al-Si steels in Fig. 2.

The weld bond toughness of Al-Si steels within the
singular region was investigated, and the results are
shown in Fig. 3. The chemical composition (wt%) of
G1 ~ G4 is 1.5Mn-0.10C-0.6Si-0.6Al, 1.5Mn-0.17C-
0.6Si-0.6Al, 1.5Mn-0.10C-0.8Si-0.8Al, and 1.5Mn-
0.17C-0.8Si-0.8Al,  respectively. HT780  and
SM490C steels are reference steels. The equivalent
carbon content, Ceq(IIW), is 0.35 for G1 and G3, 0.42
for G2 and G4, and 0.41 for SM490C. It is obvious
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Fig. 1 Phase equilibrium diagrams of Al-Si steels.
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that G1 and G3 have lower C.(1IW) than SM490C,
and the C(IIW) of G2 and G4 is almost equal to that
of SM490C.

The weld bond in Figs. 2 and 3 was simulated one
which was prepared by a thermo-cycle with the
maximum peak temperature 1350  and the cooling
time from 800 to 500  about 8sec.

Figure 3 shows that the Charpy impact toughness
of the Al-Si steels is superior to SM490C steel, which
indicates that adding Al and Si is favorable to
increase the weld bond toughness. Comparing with
G1, G2 with high carbon content has higher weld
bond toughness. The same tendency was shown in
G3 and G4. The extraordinary phenomenon of “the
higher the carbon content, the higher the weld bond
toughness” shows that weld bond toughness can be
improved by increasing carbon content for Al-Si
steels with a certain Ceq(IIW) range. This special
characteristic should be related to the shrinkage of y
phase region by Al and Si as shown in Fig. 1. Their
correlation is under investigation.
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Fig. 2 Relationship between weld bond toughness
(absorbed energy at room temperature) and
equivalent carbon content.
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