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Abstract: This paper reviews the newest worldwide research progress on acicular ferrite (AF) in weld metal for high
strength low alloy (HSLA) steel. More AF can be mainly obtained by the effective control of three aspects: () when C
content is between 0. 05 and 0. 10% with a carbon equivalent of less than 0. 39, the ratios between Mn, Ni, Ti, and B
can be reasonably controlled, and the ratio of B/N is between 0. 6 and 0. 8, Al/O is between 0. 43 and 0. 73, while N,
S, P contents are reduced; ) when the size of inclusion is in the range of 0.5 ~0.8 wm with 10 ~20 nm TiO in the
inclusion surface and with its shape being globular, then more third and fourth types of inclusions can be obtained;
(@ When heat input becomes lower, the burning loss of alloy elements becomes less, while the cooling rate becomes higher,
and the welding microstructure gets finer.
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Fig. 1  Relationship between absorbed energy and tensile

strength in weld metals on various B content
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Fig. 2 Effect of B/N ratio on toughness of weld metal
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Table 1 Influence of alloying elements on AF in weld metals
Element type Alloying element Optimum range/% Effect on AF in weld metal Base metal Welding process
Increase austenite zone Mn 0.6~1.8 Mild increase C-Mn SMAW
1.9~2.0 X70 SAW
Ni 1.0~3.0 Moderate increase C-Mn SAW/FCAW
C 0.05~0.1 Small increase C-Mn SMAW
Cu 0.14 ~0.94 Moderate increase Cr-Ni-Cu SMAW
Increase ferrite zone Cr 0.9~1.0 Small increase C-Mn/Cr-Ni-Cu SMAW
Si 0.2~0.4 Small increase C-Mn SMAW
Al 0.014 ~0.035 Moderate increase Ti-B SAW
Ti 0.01 ~0.05 Moderate increase 0235/X70 SAW
B 0. 003 ~0. 006 Small decrease EH32 FCAW
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Sk, SRR TR K, AF 7254 1 5 AR 5 0% o
BAEIEIR. (A A AT 1 um I, B B RS 5
HIERREAR, Bk, 2P0 K Iy B if & é 5
S N A AN 4 N Q
S Ay AR TR0 B 10 e A 4 ORL 4 1) b B 8 000} O -

1 pmBLE 4 o &5 g et 48 oA e 2 el fig fi
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Fig. 4 Effect of inclusion size on AF nucleation in weld metals
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Fig. 6 Orientation relationships among AF, austenite and inclusion
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Table 2 Influence of chemical composition of inclusions on AF

nucleation in weld metals

Compound added Active inclusions Inert inclusions

Simple oxides Ti-oxides (Ti, 04

AL O,, Si0,, Ti,0,

and TiO)
(Ti, Mn), 05, MnO-SiO, ,
Complex oxides TiO,-( MnO-Al, O5) MnO-FeOx-5i0, ,
Galaxite spinel MgO-Al, O,
MnO-Al, O, MnO-Al, O,
Simple nitrides TiN, VN TiN
Simple sulfides MnS, CuS
Complex oxy- Al, O3-MnS,

sulfides and TiO,-Al, 05 -MnS

Iti-phase
mui-phase Ti-and Ti-Ca-oxy-sulfides

Ti, 0, -TiN-MnS,
TiO, -TiN-MnS
FeS-(Mn,Cu)S,
MnS-VC, MnS-V(C, N)

inclusions
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Ay _soc =68. 86 +2. 65HI —0. 099HI’ (1)
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Xf E7TIT-8) A4 FCAW JR4E 4 @ 2w inf, 45 R A3k
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ST B, G RbER, RS
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RIVECAK (GB) & 1 0l 2, I 804 J& AR IR ) 7 B IR,
—40 C ppf W R WIY 153 J B#ARE] 31 ), g
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Fig. 7 Effect of HI on microstructures in weld metals
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