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Figure ‎3.13 SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours: 

magnification= 200.37 KX 

 

 

Figure ‎3.14‎��SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours: 

magnification= 200.37 KX 
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Figure 3.15 shows the histogram of N5 annealed for 48 hours. For the histogram, the 

shapes of the grains were assumed to be spherical. The adjustment for magnification of the 

image was taken into account when calculating the radius of the spherical grain. The 

average of the grain circumference from the histogram was 550 nm, with a standard 

deviation of 38 nm. The grain size obtained from the XRD data was 312 nm and the 

anisotropy was 67 nm. 

 

 

Figure ‎3.15 Histogram of the grain circumference of N5 after 48 hours at 900 °C 
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3.2.1.2 Histogram of N5 for 24 hours  

Figure 3.16 shows an SEM picture for N5 annealed for 24 hours at 900 °C.   

 

Figure ‎3.16 SEM for N5 fired at 900°C for 24 hrs in air and reduced at 500°C for 10 hours: 

magnification= 201.49 KX 

Figure 3.17 is the corresponding histogram for Figure 3.16. 

 

Figure ‎3.17 Histogram of the grain circumference of N5 fired at 900°C for 24 hrs in air and reduced at 

500°C for 10 hours 

0 

2 

4 

6 

8 

10 

12 

14 

0-207 207-421 421-628 628-835 835-1049 

F
re

q
u

e
n

cy
 

Grain Circumference (nm) 



33 
 

From the histogram, the average grain size for N5 after 24 hours at 900 °C was 430 nm 

with a standard deviation of 44 nm. The grain size of N5 for 24 hours from the XRD data 

was 225 nm and the anisotropy was 45 nm. Discrepancies in the XRD and SEM values could 

be due to the inhomogeneity of the samples. As the SEM images show the shape of the 

grains was not spherical, and there was a wide distribution of sizes. Furthermore, the SEM 

images sampled only a very small fraction of the grains, while the XRD data was obtained 

from a larger sample volume [28]. 

A complete set of SEM images for various treatment times of samples is provided in 

Appendix ΙΙ.  

 

3.3 The electrical conductivity results and discussion  

 

3.3.1 Conductivity before forming gas reduction 

 

The conductivity of each side of the four pellets was measured after being annealed in the 

high-temperature box furnace. As mentioned earlier, each set of the four pellets was 

annealed for different lengths of time to study the kinetics of grain growth. Electrical 

experiments were performed on quenched samples. This procedure was performed on the 

two batches of nanopowders (N5 and N6) which have different impurities and different 

initial grain sizes.  


