Chapter 6

Design of Weld Metal Avoiding
Post—Weld Heat Treatment

Low—carbon creep—resisting steels used in the construction of power plant or in the petrochemi-
cal industry generally contain chromium, molybdenum, niobium or vanadium as the significant
alloying additions. These elements either provide oxidation and corrosion protection (for ex-
ample, chromium) or on tempering they form stable carbides which impede creep deformation.
The steels have major applications in the fabrication of pressure vessels, boiler steam pipes,
steam generating and handling equipment, high pressure tubes with thick walls, turbine ro-
tors, superheater tubes, coal to methane conversion plants and petrochemical reactors for the
treatment of heavy oils and tar sands bitumen [116]. The steels might typically be used within
the temperature range 480-600 °C, the service stresses being of the order of 15-40 MPa. The
required microstructure is produced by austenitisation followed by tempering at a temperature
which is above that encountered during service. A typical tempering heat treatment may there-
fore involve temperatures in the range 650-750°C, for some 4-20 h, depending on the detailed
chemical composition and also the section size.

Further heat treatments are required following welding operations. The heat introduced
during welding has a significant influence on the solid metal in the close proximity of the weld.
Microstructures may be created in this heat—affected zone, which are hard (martensitic) and
untempered. Furthermore, residual stresses arise from the shrinkage of the weld as it cools from
the liquid state. Omne purpose of a post—weld heat treatment is to ameliorate both of these
changes due to welding.

There are many components of a power plant where it is incredibly difficult to introduce post—
weld heat treatments, primarily because of the large scale of the plant involved, but also due to
the tight packing of components. One such case is the boiler which contains a myriad of pipes,
as illustrated in Fig. 6.1. To reduce the costs of implementing post—weld heat treatments in

such circumstances, Mitsubishi Heavy Industries in Japan has developed a new steel, designated
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HCM2S, which replaces the classical 2%CrflMo alloy [117]. The latter requires post—weld heat
treatment whereas the former, due to its lower hardness in all microstructural conditions, does
not. The development of the new steel does not entirely resolve the difficulties since the weld
metal used to fill the gaps between plates to be joined also requires heat—treatment. The purpose
of the work presented in this Chapter was therefore to design, using the methodologies described

in earlier Chapters, a welding alloy which itself does not require post—weld heat treatment.

Figure 6.1: Complex shapes of boiler tubes used in power plant. The arrow shows two boiler
tubes joined together with a supporting plate.
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