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The Embalse Nuclear Power Station (CNE) is a CANadian Deuterium Uranium (CANDU) Reactor. 

This kind of stations uses for their pressure tubes a Zr-2.5Nb alloy which final structure is a biphasic 

structure α-Zr + β-Nb, being the α-Zr phase the majority phase. One of the acceptance criteria for the 

Zr-2.5Nb alloy pressure tubes of the CNE is based on the α-Zr phase width. 

 

The α-Zr phase width measure is carried out by Scanning Electron Microscopy (SEM) and it is manually 

measured by software. For each sample about 20 micrographs are taken of the axial-normal face at 

20000x, using a SEM and about 5000 manual measurements are carried out for each sample. Taking this 

into account, the person responsible for conducting such measurements is expected to be an important 

factor in the outcome. We proposed a semiautomatic measuring method that allows us to become 

independent of the human factor in both taking the micrographs and measuring the α-Zr phase width.  

 

The images were treated using the Scandium program in order to become independent of the conditions 

under which the micrographs were taken and a grid of parallel lines was superimposed on the 

micrograph. The lengths of the intersections between the grid and the α-Zr phase were measured using 

the Scandium program. Due to the high anisotropy of the Zr-2.5Nb microstructure, for each micrograph 

grids must be made at different angles in order sweep 360º. See Figure 1. 

 

In order to calculate the α-Zr phase width using the semiautomatic method (Yi), we used the same 

micrographs than those used in the manual method (Ym). For each image and angle we obtained a series 

of data which were treated independently. The raw data obtained was strongly biased towards lower 

values than those obtained manually, largely due to the high accumulation of values under 10nm. 

Noticing that no manual measurement is lower than 80nm or greater than 720nm, we believe that values 

well below or well above these can be considered software measurement errors. Enclosing the data, 

these ceased to be strongly biased towards low values, and the calculated mean width with the 

semiautomatic method (Yi) was closer to the manual mean width (Ym). The larger the amount of data to 

assess the greater the probability of including values that may be considered software measurement 

errors. However, if the amount of data to be evaluated is small, there is a chance of discarding valid 

data. In order to avoid discarding valid data, we applied a first limit using a wide data range, and a 

second limit based on the mean (µ) and the standard deviation (σ), enclosing the data between µ-kσ and 

µ+kσ. When applying these two limits, the calculated mean width with the semiautomatic method (Yi) 

is close to the manual mean width (Ym).  

 

For the first limit we took ≈ 40% below the minimum manual value and ≈ 40% above maximum manual 

value. Using this criterion, all the values under 50nm and over 1000nm were discarded. To set the 



parameters we used the Taguchi method with a factorial arrangement of three variables with three levels 

(33) resulting in a total of 27 runs [1]. The chosen parameters were k, the lower limit (Xmin) and the 

upper limit (Xmax).  Since our goal with the semiautomatic method for each and every sample is to be 

as close to the manual mean width as possible, the more favorable combinations are those that maximize 

the SNT ratio, given by SNT=10*Log(Yi/σ^2). The values that maximize the SNT ratio are: the medium 

and high k values (k between 2 and 3), the medium and high Xmin values (Xmin between 30 nm and 50 

nm) and the medium and low Xmax values (Xmax between 1000 nm and 2000 nm). Given that we are 

looking for the limits of Xmin and Xmax to cover as much data as possible, we performed a second 

analysis using the Taguchi method to enhance these limits. The maximum SNT value is given for k=2.5, 

Xmin=50 nm and Xmax=1000 nm. The semiautomatic method was run under these parameters. 

 

To assess the robustness we used the Youden-Steiner test [2]. In order to do this, we introduced several 

variations in a previous set of combinations. Each factor has two levels: maximum (denoted with capital 

letters: A, B and C) and minimum (denoted with small letters: a, b and c). For our method we use 3 

factors resulting in 8 (23) combinations of experiments or runs. The robustness analysis of our method 

and its parameters settings shows that the semiautomatic method is stable, making it a good method to 

measure the α-Zr phase width. The most influential factor for this methos is Xmin and the less 

influential factor is k. 

 

Due to the large amount of data used in the semiautomatic method, the standard error is insignificant. 

Another criterion must be used in order to evaluate the data obtained by this method. We proposed a 

15% above and below the mean width as an extreme reference value, in order to compare these values 

with the acceptance criterion. However, this only shows the mean width variation instead of the data 

performance. Although the automatic method has differences with the manual method, the values 

obtained by the semiautomatic method and its extreme reference values, fall within the expected 

tolerances. 
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Figure 1.  a) 0° grid overlap. b) TEM α-Zr, β-Nb micrograph  


