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Moreover, fine Nb precipitates were dispersed in the 
bainitic ferrite phase. Photo 3 shows a TEM micrograph 
of the large amount of fine dispersed precipitates, a con-
dition that seemed effective for precipitation hardening 
in the pipe body.

The Charpy absorbed energy was greater then 300 J. 
The large energy value also seemed to be related to the 
uniform microstructure. That is, the decreases of coarse 
secondary phases such as pearlite and martensite, phases 
that compromise low-temperature toughness, led to a 
decrease in crack propagation paths.

5.	 Conclusions

(1) The reduction of carbon content to an extremely low 
level resulted in excellent low-temperature toughness.

(2) The application of the new microstructure concept 
with precipitation-hardened bainitic ferrite enabled 
the production of pipes by a hot strip and ERW pro-
cess. The mechanical properties were favorable.

(3) An X80 grade strength and excellent low-
temperature toughness of the base material and weld 
were achieved. The toughness value of vTrs was 
below −50°C for each weld and base material. 

(4) This material also has good weldability for girth 
welding because of the low Pcm value.
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Photo 3  TEM micrograph of ERW body
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