










shows considerable boundary-to-boundary variation [44, 451. According to Bennet 

and Pickering, grain boundary with lower boundary energy requires a longer 

sensitization time before carbide precipitation occurs [46]. Thus, short sensitization 

time causes precipitation and chromium depletion occurred only on a small proportion 

of grain boundaries. These boundaries are attacked during etching by oxalic acid. 

Longer sensitization times cause precipitation to occur on less favorable grain 

boundary so that the total length of grain boundary attack increases. The width of 

depleted zone was also found to increase with increasing sensitization time in etching 

test. 

D.B. Wells et al. [47] studied the use of percolation theory to predict the 

probability of failure of sensitized austenitic stainless steel by IGSCC. It was found 

that the material with less than 23% of sensitized grain boundaries would not fail by 

IGSCC. The material with between 23% and 89% of sensitized grain boundaries will 

show mixed ductile tearing and brittle failure in a slow strain rate tensile test, and the 

material with more than 89% sensitized grain boundaries will show only brittle 

intergranular failure. The typical ductile tearing compared to SCC brittle failures in 

stainless steel are shown in figure 5.3. The form of percolation used to simulate the 

sensitized grain boundaries is called bond percolation. The material is model as 3D 

dimensional structure of bonds, which represent grain boundaries. Each bond can be 

"inactive" i.e., not sensitized, or "active", i.e., sensitized grain, from a linked of 

vulnerable, chromium-depleted material across the facet. As the percentage of 

"active" bond" is increased, the network or cluster size increase. An analysis of the 

relationship between the percentage of active bonds in the structure and the predicted 

distribution of the cluster sizes determined the degrees of sensitization of that 

structure to intergranular failure. As a result, figure 5.4 illustrates of linked grain 

boundaries (percentage of sensitized grain boundaries) versus heat treatment time 

(650' C). Figure 5.5 shows the relationship between percentage of grain boundary 

carbides area as measured from our micrograph and the percentage of linked grain 

boundaries for various sensitization times. It also was clear fiom the figure that for a 

given sensitization time, percentah of grain boundary carbide areas correlates with 

percentage of linked grain boundaries. 
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