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Abstract

The need to improve the plant efficiency and to reduce fuel & water consumption for lesser
per MW infrastructure cost along with the regulatory requirements to reduce SOx & NOx, led
to the development of technology from Sub-critical to Supercritical and Supercritical to Ultra
& Advanced Ultra Supercritical Boilers. The demand for high efficiency in the power plant has
resulted in a need to develop materials capable for operating at higher steam pressures and
temperatures. In the supercritical boiler, high temperature section of super-heater and re-
heater tubes are subjected to the pressure of 24 MPa and temperature of 650°C. The tube
materials at this pressure and temperature should be oxidation, corrosion and creep

resistant.

The present research work is concerned with the experimental study of recently developed
precipitation strengthened creep resistance austenitic stainless steel tube, Super 304H (0.1C-
18Cr-9Ni-3Cu-Nb-N; UNS S30432) which is termed as code case 2328-2 by American Society
for Mechanical Engineers (ASME). Under the Unified Numbering System (UNS) of ASME,
CC2328-2 has been assigned S30432 as its UNS number. To examine the reliability of this
material a complete characterization has been done with respect to its mechanical properties

and weldability.

Similar and dissimilar welding of CC2328-2 is required for applications in super-heater and re-
heaters of supercritical boilers. Welding parameters for similar and dissimilar welding have
been established. For welding between austenitic and martensitic stainless steel the available
study and literature is by buttering the martensitic steel with Inconel, stress relieving of
buttered joint and then welding with austenitic stainless steel to avoid Post Weld Heat
Treatment (PWHT). However, this process has its own limitation for mass production. Hence
a welding process is developed by direct welding between austenitic (CC2328-2) and
martensitic (SA213 T91) steel. This weld has been subjected to post weld heat treatment and
there upon microstructure, corrosion resistant property and strength have been studied.

Aging and microstructure studies have been carried out to validate the process of welding.

In supercritical boilers, the tubes are given different degrees of bends to maximize heating
surface area. The strain developed during bending process, however deteriorates the material

properties. For each material, there is a threshold strain value, beyond which if further strain



is given, the material must be normalized or solution treated to regain its properties. No such
study for CC2328-2 material has been found. It is observed that ASME has treated CC2328-2
and SA213 347H material as equivalent with respect to strain beyond which solution
treatment is required to regain the material properties. Howeuver, it is to be noted that both
the material differs in chemical compositions and the mechanism of material strengthening
is also different. Hence it is felt that a criterion must be developed for CC2328-2 materials by
studying the behavior of the material by straining and aging. To understand the precipitation
strengthening behavior and effect of strain, CC2328-2 material was strained from 10% to 27%
and aged at 650°C for a period ranging from 8 hours to 670 hours and then microstructure
was studied using optical microscope. The corrosion resistance property was studied using

anodic polarization method & CuSos method.

Precipitation hardened austenitic stainless steels are adversely affected by the precipitation
of unwanted brittle phases like sigma & laves phases and are also susceptible to stress
corrosion cracking. Study on nature of precipitates after short term aging was carried out by

EDX.
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